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THE CHEMIST AS DEFENDER OF HIS FATHERLAND' 


By Professor MARSTON TAYLOR BOGERT 
COLUMBIA UNIVERSITY 


At the beginning of man’s history upon this planet, 
the struggle against his environmental enemies did not 
differ radically from that of other mammalia of that 
era, nor had he much more control over the forces of 
his universe. As a reasoning creature, however, he 
soon learned from experience, and this fund of experi- 
ence, passed on from generation to generation and 
steadily augmented, has given him an ever-increasing 
knowledge of the laws which govern our little world 
and how they can be made to execute his will. 

As science advances, warfare changes. Methods of 
fighting inconceivable to our ancestors occupy the cen- 
ter of the stage to-day, and future wars will see still! 
other methods employed of which we do not as yet 
even dream. One by one, man’s fighting weapons have 
been rendered obsolete by the appearance of new and 
more potent ones, or ineffective through the develop- 

1 Translation of an address in Italian, delivered on May 
20, 1938, before the Tenth International Congress of 


Chemistry, Rome, Italy, by the Chairman of the Section 
on Chemistry and Defense. 


ment of an adequate defense. The bow and arrow dis- 
placed the war club and grew into the cross-bow; but 
the archers were put out of business by the introdue- 
tion of body armor, which lost its value in turn through 
the discovery of gunpowder and firearms. The contest 
between artillery and above-ground fortifications was 
decided definitely in favor of the former in the early 
days of the world war, and men sought refuge in 
trenches and dugouts, there to be asphyxiated by the 
toxie gases later employed, until protection was sup- 
plied by gas masks and dugout blankets. In the year 
1862, in my own country, the navy boasted of its 
wooden fighting ships. No one dreamed of ironclads; 
but in that same year the Merrimac destroyed the 
Union Fleet in Hampton Roads, and wooden war ves- 
sels gave place to the steel battleship, which has itself 
become the prey of the submarine and of the airplane. 
The operation of both land and sea forces is now sub- 
ject to domination by the military forces in the air, 


whether the planes are discharging huge aerial tor- 














































pedoes, toxic gases and incendiary bombs, or only 
smoke screens. 

The outstanding developments of the world war and 
since have been the military airplane, the submarine, 
the combat tank and chemical warfare. 

What the future holds, no one can predict. Al- 
though in some of the major bombardments towards 
the, close of the world war, 80 per cent. of ali the 
shells thrown over by the Central Powers contained 
toxic chemicals, so-called chemical warfare is still in 
its infancy. The discovery by any nation of some new 
and deadly gas which would penetrate the masks of 
all other nations, but not their own, would give the 
discoverers an enormous advantage, at least initially, 
or until efficient protection could be provided. Natu- 
rally, the distribution of such material is not limited 
to its use in artillery shells, since it may be conveyed 
to the enemy in any kind of container from aerial tor- 
pedo down to the trench cylinders which release it for 
a drift gas or toxic smoke attack. Further, it may be 
employed in naval or air engagements, as well as on 
land, and by airplane deposited in any part of an 


enemy’s country. 
The only new casualty producers intreduced into 


warfare in the last six hundred years have been the | 


explosives and toxics of the chemist, and to-day the 
greatest possibilities for other revolutionary disecv- 
eries still appear to be in the field of chemistry. 

Colonel Prentiss, author of “Chemicals in War,” is 
of the opinion that, “While chemical combat immersely 
complicates modern war, it is susceptible to complete 
an adequate defense, and protection against it is essen- 
tially a matter of scientific skill. The chemical war 
of the future will, therefore, be primarily a contest 
between the scientific abilities of the combatants, i.e., 
a contest of brains not brawn. This simple fact alone 
holds out the greatest hope for the future of civiliza- 
tion, for the destiny of man is safest in the hands of 
the most intelligent.” 

If we can judge by published reports, toxic chemicals 
have been used but little, if at all, in the wars in Spain 
and China. The airplane has been a much more potent 
weapon. In fact, the airplane is to-day not only one 
of the most effective arms of the military service, but 
also the greatest menace to civilian populations and 
non-combatants. Defense against such attacks is 
therefore of prime importance. But the possible use 
at any time of toxie chemicals should not be over- 
looked, nor should vigilance be relaxed, to assure com- 
plete protection against this type of warfare also. To 
do otherwise would be suicidal. 

It seems searcely likely that disease germs will be 
used to any extent in war, because of the impossibility 
of controlling the spread of pestilence or of restricting 
it to an enemy country. It should not be forgotten 


that in the year 1347 the Black Death was brought 
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from the Crimea to Genoa by an Italian advocate, 
Gabriel de Mussis by name, and within the short space 
of twenty-four months, twenty-five million people had 
fallen victims to that dread plague. Those who would 
start a yellow fever epidemic in tropical countries by 
the introduction of the Stegomyia mosquitoes will do 
well to keep this in mind. 

The use of insect pests in war is also improbable, 
for similar reasons. For, while it is true that such 
pests immobilize a certain number of men who might 
otherwise be at the front, their invasion of other coun- 
tries can not be prevented. 

The chemist’s answer to all this is that eternal vigi- 
lance is the price of safety. This means not only mili- 
tary preparedness, but still more it demands scientific 
preparedness, for the wars of the future are going to 
be decidea more and more in the laboratories and re- 
search institutions of science, and less and less merely 
by, the movement of armies or fleets. The military 
argument based primarily upon numerical, or even 
tactical, superiority of armies and fleets, is valid only 
when the opposing forces are similarly equipped with 
both offensive and defensive weapons, an assumption 
which may be at wide variance with the facts. Against 
an enemy adequately provided with air and chemica! 
warfare services, what chance would an army stand if 
not similarly eqripped? Ethiopia and China can 
answer that question for you. 

Leadership in science is the only dependable safe- 
guard. The time has already gone iy when research 
in science was merely the price of progress. It is now, 
and has been for some time, the price of both indus- 
trial and national] existence. 

The nation which disregards and neglects this, no 
matter how extensive and varied its natural resources, 
or how great its population, is certainly headed for 
early decline and ultimate subjugation by more scien- 
tific and therefore more progressive and more powerful 
nations. Could there be a better illustration of this 
than China, asleep for centuries, and now too late 
awakening to find herself hopelessly outclassed, by a 
nation whose land area and population are but a frac- 
tion of her own, but whose people seoner recognized 
clearly the significance of science and have devoted 
themselves to its development with such energy and 
ability that their leading investigators are well known 
by scientists in all lands. Of how much defensive 
value to-day is the Great Wall of China? 

David used his head as well as his sling against 
Goliath. In the Second Punie War, Hannibal’s ele- 
phants struck terror to all hearts until some Italian 
with a head suggested the use of arrows carrying tips 
of flaming tar, with the result that a wild stampede of 
elephants ensued. In the struggle of brain versus 
brawn, or science versus ignorance, the final result is 
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never long in doubt. Napoleon Bonaparte is credited 
with having said: “There are but two great forces in 
the world, the sword and the brain and, in the long 
run, the sword is always beaten by the brain.” 

Inferiority in population and in endowment of 
natural resourees may be more than counterbalanced 
by progress in science and in industrial organization 
and efficiency. As man’s scientifie knowledge grows, 
his power becomes less and less dependent upon mere 
number of population or upon a complete supply of 
natural resourees. In the present troubled condition 
of the world, that chemist serves his country best who 
helps it most to self-sufficiency. For “Self-dependent 
power can time defy, as rocks resist the billows and the 
sky.” 

The role of the chemist in the battle to overcome the 
lack of important raw materials, food, textile fibers, 
fuels and essential chemicals, has been pointed out 
repeatedly, vith characteristic clarity and power, by 
Italy’s great chemical leader, the distinguished presi- 
dent of this congress and of the International Union, 
Exe. Prof. Dr. Nicola Parravano. 

In the defense of a nation, it is of the utmost im- 
portance that every man should be placed where he 
can render the maximum service. Trained chemists, 
therefore, should not be permitted to go to the front, 
if they are more urgently needed behind the lines. It 
is also imperative that they should be in constant and 
close contact with other defense forces, whether those 
forces be military, medical or industrial. 

Man’s mastery over the physical forces which rule 
his universe is inereasing and expanding so rapidly in 
all direetions that it is entirely appropriate to ask if 
we are breeding humans who can be safely entrusted 
with these vast powers. 

Daily it becomes more apparent that there are but 
two paths open to the dwellers upon this planet, de- 
pending upon the use they make of this accumulated 
knowledge. One leads to inevitable ultimate extinction 
of the race by misuse of these powers. In fact, the 
opinion has been expressed also by others that science, 
unless direeted into proper channels, may bring about 
its own obliteration. The other path leads to the 
development of a race of supermen, superior physi- 
cally and mentally to any the world has yet seen, and 
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to such a development the biochemist will be an out- 
standing contributor. 

The future of a country and its defense depend not 
alone upon its birthrate, but also upon the kind of 
stock it is breeding. It should be a matter of grave 
concern, therefore, to every nation to make sure that 
the salaries and living conditions of its intellectuals— 
its professors and scientific investigators, for example 
—are not such as to render it difficult or impossible 
for them to afford the luxury of having children. The 
real test of a successful life is not. how large an estate 
is amassed, nor how many decorations and other dis- 
tinetions are won, but how many useful children and 
grandchildren are left behind you, and how much you 
did during your lifetime to help protect, teach and 
train the children of others. It is the human problem 
which is paramount. The most important crop still 
remains men and women. We have been so absorbed 
in making more and better automobiles, airplanes and 
the host of things which minister to our prosperity or 
pleasure that we have overlooked completely the far 
greater need for more and better humans. Things and 
knowledge are much less important than the nature of 
the individuals who are to use them, and it is far less 
difficult to protect ourselves against things than against 
thoughts. 

It is entirely praiseworthy to seek for “the more 
abundant life,” but it does not appear to be under- 
stood, except by those weil versed in history, that no 
people can achieve and retain greatness unles: they 
worship sacrifice rather than ease, and crave service 
rather than support idleness. As Roger W. Babson 
so clearly vuts it, “pregress com ; only through truth, 
security comes only through courage, and freedom 
comes only through sacrifice.” 

Scientists are potent factors in maintaining the in- 
tegrity and progress of a nation, and within that group 
none have more important roles to play than the chem- 
ists. But the chemist must not forget that, in addition 
to his strictly professional duties, there are other obli- 
gations which devolve upon him as a citizen, and to 
which he can not be recreant. He is a truly great 
defender of his fatherland who, as expert chemist and 
loyal citizen, gives to her the best that is in him, in 
times of peace as well as in war. 


RECENT CONTRIBUTIONS TO THE THEORY OF 
PROTOPLASMIC STRUCTURE’ 


By Professor WILLIAM SEIFRIZ 


AN invitation from Sigma Xi is particularly wel- 
come to a worker on protoplasm, for there is no field 
of research which so perfectly illustrates the need of 


‘ Leeture delivered on February 28, 1938, at a general 
meeting of Sigma Xi at Rutgers University. 


UNIVERSITY OF PENNSYLVANIA 





cooperation as that on which I am to speak this 
evening. 


Theories of protoplasmic structure fall into three 


categories—solution, emulsion and gel. 


Such a grouping is a modern one, but it includes 
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the older hypotheses: thus, the alveolar structure 
postuiated by Biitschli is but that ot an emulsioa, the 
scattered globules of which are under pressure, there- 
fore, hexagonal in cross section, and dodeca- or tetra- 
kaidecahedral in solid form. The micellar hypothesis 
of Niageli also has its place in modern theories. X-ray 
analyses by Sponsler? have reestablished the micellar 
concept for cellulose. The old and familiar fibrillar 
theory of protoplasmic structure is now generally 
accepted as the most likely structure of elastic jellies. 

Thus, may all theories of protoplasmic structure, 
old and new, be classed into three groups. Of the 
three, the one which states that living matter is a true 
solution, pure and simple, and obedient to solution 
laws, may be immediately discarded, for it is unten- 
able. Protoplasm exhibits the same anomalous be- 
havior as do elastic sols. It possesses not only one 
viscosity value but many values depending upon the 
sheering stress. This is easily demonstrated with 
non-living systems such as gelatine and certain soap 
solutions, but not so readily in the case of protoplasm; 
yet Pfeiffer? in his studies on protoplasmic flow 
through capillaries, has found that curves of deforma- 
tion-speed plotted against suction-force bear a strong 
resemblance to the curves of anomalous flow of col- 
loids with structural viscosity. Protoplasm is, there- 
fore, non-Newtonian in behavior. Furthermore, it is 
exceedingly difficult to conceive of a living system 
which is devoid of sufficient structural continuity to 
give a modicum of symmetry and coordinatior. 

The second of the theories of protoplasmic structure 
is one which formerly found application to hydrated 
and elastic proteins. It holds that jellies are “emul- 
soidal,” that is to say, “emulsion-lixe.” This belief 
has long sinee been given up by the colloid chemists. 
Superficially, protoplasm is an emulsion, just as is 
milk, but the physical properties of protoplasm are 
characteristic of gels, not of emulsions. For example, 
when preteplasm coagulates, the superficial emulsion 
plays no part whatever, any more than does the emul- 
sion in milk when milk curdles. 

The third of the major theories of protoplasmic 
structure states that living matter is fibrous. Biologi- 
cal thought was dominated to such an extent by the 
emulsion hypothesis that the fibrillar concept was for- 
gotten or ignored, and thrown into that heap of dis- 
carded cellular artifacts from which so much of value 
has since been culled. Yet through the years there 
persisted the thought that living matter possesses a 
continuity in structure which only fibrous units can 
adequately impart to it. This concept was expressed 
by earlier workers in such terms as “spongioplasm” 
and “reticulum,” and by later ones with “cytoskeleton.” 
Conklin* has repeatedly emphasized the necessity of 

20. L. Sponsler, Am. Jour. Bot., 9: 471, 1922. 


3 Physics, 7: 302, 1936; Nature, 138: 1054, 1936. 
4 Jour. Exp. Zool., 22: 311, 1917. 
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regard’ 1g protoplasm as an elastic system which re- 
covers its normal form after distortion. Only in such 
& way are nucleus ari other cell inclusions slowly 
brought back into their usual positions after centri- 
fuging. Needham® irterprets polarity in the egg in 
terms of structural continuity, and puts forward the 
ay. orism, “biology is largely the study of fibers.” 
Moore® finds that the protoplasm of a slime-mold will 
of itself pass through parchment paper with pores 
5x10-° mm in diameter, but if pressed through silk 
with pores 5 x 16-? mm in diameter it will not survive, 
thus indicating the presence of a structure which, if 
destroyed, means death. 

Particularly significant is the crystalline character 
of living matter. The polarity of cells and the sym- 
metry of organisms exist in virtue of molecular pat- 
terns indicative of the crystalline state. As proto- 
plasm is often fluid, its crystalline nature must be 
that of liquid crystals. When molecular axes are 
parallel in all three pianes, solid crystals are formed. 
Para- or liquid crystalline substances have elongated 
molecules which, distributed at random, yield isotropic 
liquids, but when the distribution is symmetrical in 
one or two planes, the liquid crystalline state results. 
As Needham says, “The paracrystalline state seems 
the most suited to biological function, as it combines 
the fluidity and diffusibility of liquid while preserving 
the possibilities of internal structure characteristic of 
erystalline solids.” 

Thus more and more is there unanimity of opinion 
on the fibrous structure and crystalline nature of 
organic jellies, in particular, the living jelly, proto- 
plasm. 

My own conviction of the presence of fibrous units 
and structural continuity in protoplasm came through 
measurements of elasticity twenty years ago. But 
we can go farther back than this: it is just over a 
century since Dujardin suggested elastic qualities in 
protoplasm when he referred to it as a glutinous jelly. 
The significance of elasticity is now generally recog- 
nized; thus, Scarth’ says it is the best indication we 
have of the structure of protoplasm. 

That a liquid may be elastic, in the sense that it is 
capable of being stretched, is at first difficult to com- | 
prehend, but it is an easy matter to demonstrate the 
elasticity of certain soap solutions, the viscosity of 
which is only twice that of water.® 

The elastic qualities of protoplasm are more readily 
demonstrated when it is of high viscosity. By stretch- 
ing protoplasm between mechanically controlled micro- 
needles, its elasticity and tensile strength are made 
very evident. These qualities rest upon structural 


5 ‘*Order and Life,’’ Cambridge, 1936. 

6 Proc. Soc. Exp. Biol. and Med., 32: 174, 1934. 

7 Protoplasma, 2: 189, 1927. 
8 W. Seifriz, Coll. Sym. Mono., 3: 285, 1925. 
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continuity. Fluidity is possible through the shifting 

of linkages between one unit and another. 

Yet another quality of living matter is satisfied by 
its fibrous structure. The high water-holding power 
of protoplasm requires structural continuity. The 

; jelly-fish consists of two to four per cent. solid matter, 
or about 97 per cent. water, yet it is rigid enough 
when stranded to support the weight of a man without 
collapsing; if left to dry in the sun, it is soon reduced 
to a thin film. A similar situation exists in the ger- 

manium oxide gel which may contain as much as 99.5 

per cent. water. 

It has long been the conviction of those supporting 
the fibrillar theory of protoplasmic structure, that 
protoplasm should prove to be doubly-refractive and 
give an x-ray pattern comparable to that of gelatine, 
egg-white, and pepsin. In the case of double refrac- 
tion, that which was anticipated in protoplasm is the 
phenomenon deseribed by Freundlich and Disselhorst,°. 
and so strikingly illustrated in a vanadium pentoxide 
sol. On mere stirring, or flowing, this sol shows pro- 
nounced double-refraction due to the orientation of 
linear crystalline particles. Rod-shaped particles in 
other colloidal suspensions, such as benzopurpurine 
and viruses, also orient themselves spontaneously, and 
form structures which exhibit double-refraction. Such 
substances have been termed “tactoids” by Freundlich, 
who calls attention to the resemblance of tactoids to 
that of certain cellular structures, such as the mitotic 
spindle, which also show double-refraction. 

There has never been any question of the presence 
of optical activity in musele and all types of connec- 
tive tissue, but W. J. Schmidt?® has now shown Amoeba 
to be doubly refractive; though usually weak, it is 
nearly always capable of verification and becomes pro- 
nounced when the Amoeba prepares for encystment. 
Double-refraction in the Foraminifera is likewise 
demonstrable, and at times very prominently so. 

In all its properties—elasticity, tensile strength, 
coagulation, thixotropism, anomalous flow (non-New- 
tonian behavior), imbibition, high water content, ete.— 
protoplasm is similar to elastic jellies, and these prop- 
erties are capable of interpretation in terms of a 
fibrous structure. 

The linear unit postulated for protoplasm is of the 
same character as that which has long been attributed 
to proteins; it is the familiar polypeptide chain. To 
this information, which dates back to the time of Emil 
Fischer, Astbury! has added observations of con- 
siderable significance. X-ray diffraction patterns are 
regarded as the final proof of crystallinity and sym- 
metry in organization. With their aid, Astbury has 

° Phys. Zeitschr., 16: 422, 1915. 

‘°Die Doppelbrechung von Zytoplasma, Protoplasma 


Mono. XI, 1937, 
11 «Fundamentals of Fibre Structure,’’ Oxford, 1933. 
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been able to distinguish between the cain structure 
of elastic substances, such as wool ard hair. and non- 
elastic substances, such as silk. By means of x-ray 
analysis, he has shown that the protein chain of silk 
and stretched hair is fully extended, while that of 
unstretched hair ard wool is folded or waved; to this 
I-tter property are due the elastic qualities of pro- 
teins. The x-ray photograph of muscle is similar to 
that of the muscle protein, myosin (a globulin) when 
freed trom the muscle. 

I have stated that the linear unit postulated for 
protoplasm and elastic jellies is the polypeptide chain, 
but the matter is not so readily disposed of, for 
the protein molecule is given so extraordinarily high a 
weight in modern theories that its identity is ques- 
tioned. Furthermore, the old concept that the col- 
loidal unit of gels is a micelle, or molecular aggregate, 
still persists. It becomes, therefore, our task to con- 
sider the nature of the structural units of protoplasm 
and protein jeliies. 

The micellar hypothesis is fairly well established 
for cellulose, but even here high tensile strength sug- 
gests an overlapping of fibrous molecules, so that the 
micelle begins to lose its identity. 

Coagula, in particular gels of the silica type, are 
unquestionably finely granular and therefore micellar 
in structure. The silicic acid gel is porous when dry; 
but with gelatine the situation is not so clear. Here 
the micellar theory meets with limitations set upon 
it by the known properties of elastic protein systems. 
It is quite possible that a hydrated yet firm block of 
gelatin is homogeneous, i.e., the dispersion is a molec- 
ular one. To offset this possibility is the fact that 
gelatine gels make good ultra-filters, and this suggests 
porosity, therefore heterogeneity and a micellar struc- 
ture. Perhaps the whole situation is cleared up by 
the modern concept of macro-molecules, and the micelle 
made, so to speak, superfluous; or are the macromole- 
cules themselves micellae? 

Our problem is to decide whether hydrated protein 
units are molecules or molecular aggregates, and in 
either case whether fibrous or not. 

Many high molecular weight compounds tend to 
unite and form larger aggregates. This is particularly 
characteristic of proteins with their amino acids and 
polypeptide chains, and of cellulose, the molecule of 
which is a fiber of variable length consisting of from 
100 to 500 anhydrous glucose units. Indeed, Kraemer’? 
has attributed a length of 1.7 to the molecule of 
native cellulose, which brings it well within micro- 
scopic dimensions, but not visibility. A similar shape 
has been postulated for the gelatine molecule which 
is said to be a slender fiber of great length with a 


12 KE. O. Kraemer, Jour. Ind. Chem. Eng., 30: in press, 
1938. 
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diameter of but a few Angstrom units. Such macro- 
molecules are of enormous weight, values up to 
15,000,000 being given them, which is alone reason 
enough to suspect them of being aggregates. Possibly 
the controversy is unreal from the kinetic point of 
view, that is to say, the molecular concept falls out 
altogether. 

Svedberg!® states that “particles” of native, unde- 
natured, proteins in solution are true molecules, for 
the “particle weight” is completely defined by environ- 
ment, and all the “particles” have the same mass. One 
is, therefore, entitled to speak of “molecular weight” 
just as one does in the ease of NO, and other “polym- 
erized molecules.” Kruyt!* answers with the state- 
ment that osmotic laws are generally applied to true 


solutions and therefore we are accustomed tc identify 


the thus measured number of particles with that of 
the molecules present, but this is an arbitrary identi- 
fication. What we really do is count kinetically active 
particles, and thus obtain only micellar numbers and 
micellar weights. 

We may disagree with Kruyt to this extent and say, 
while kinetic measurements give only particle num- 
bers and weights, it can not be definitely said whether 
the particles are molecules or micelles. 

Another fact in Svedberg’s favor is that the kineti- 
cally active units of proteins are of uniform size. This 
indicates the absence of association, for aggregates 
formed by eoagulation always result in non-uniform 
sizes. Furthermore, under certain conditions, some of 
the proteins of homogeneous particle weight disso- 
ciate into products of lower, but still homogeneous 
particle weight, the weights of the original and final 
particles being related as simple whole numbers. 
When the original conditions are restored, the disso- 
ciated particles reunite to give again uniform particles 
of the same size as the original ones. Thus, the evi- 
dence that the kinetically active unit of a protein 
solution is a single molecule is better than that ordi- 
narily obtained for some simple substances of low 
molecular weight. 

A significant feature of the work of Svedberg is 
that the protein particle in solution is not an aecciden- 
tal one resulting from the conditions of preparation, 
but—and here we may inelude the basic structural 
unit of protoplasm—it is a particle built to a definite 
size by the living cell. 

The biologist must await a decision from the chem- 
ists, but whatever the outcome may be, it will not 
materially affect interpretations of protoplasmic be- 
havior, for mammoth-sized molecules satisfy the condi- 
tions of colloidality as well as molecular aggregates. 
The molecule-micelie wuvertainty also does not affect 


13 T, Svedberg, Nature (Supplement), 139: 1051, 1937. 
14 Proc. Ninth Internat. Congr. Chem., Madrid, 1934. 
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the concept of fibrous units. There is, however, an- 
other question which bears directly upon the fibrous, 
or non-fibrous, character of the structural units in 
elastic organic systems. ’ 

There has of late crept into the literature informa. | 
tion purporting to support spherical protein mole- 
cules.*° It is difficult to do anything structurally with 
a spherical particle. If the globular molecule is hol- 
low, i.e., a porous cage, high water content is as easily 
interpreted as in the case of fibrous units, but other 
properties can not at all be satisfied by a globular unit. 
A spherical protein molecule in solution will mean 
Newtonian behavior, yet if there is one firmly estab- 
lished property of many protein solutions it is their 
anomalous flow. Mechanical properties, such as © 
elasticity and tensile strength, are equally difficult of © 
interpretation. To attempt to satisfy these physical 
properties with a spherical molecule is rather like | 
asking a weaver of cloth to make his fabric of sand © 
instead of threads. 

While spherical or “globular” molecules are said to — 
oceur in globulins, such as edestin, and in normal albu- 
min (egg-white), this is true only in dilute solutions, 
and not when the molecules are on surfaces. Further- 
more, all yield x-ray photographs when denatured. . 

For a time, each will have to interpret the behavior — 


of proteins as he thinks best. The globular molecule ~ 


has some advantages; the unwieldy polypeptide chain, | 


with its thousands of atoms and hundreds of residues 7 


along a single thread, becomes a two or three dimen- | 
sional pattern. To offset this advantage is the far 
greater difficulty of adding to a sphere than to an | 
open chain. The globular molecule of 35,000 molecu- 
lar weight is complete and closed; what, then, of | 
those of higher weight? | 

It is, further, not necessary to resort to a hollow | 
sphere, for the folded polypeptide chain will do as | 
well. According to Astbury,!* the supposed “globular” 
protein molecule is a folded polypeptide chain in which | 
the linear fiber (A, Fig. 1) has been thrown into a 
series of rings, pcssibly the form «hown in B, Fig. 1. 

In some proteins, the natural configuration is an 
extended chain, which may be quite fully extended as | 
in silk, B-keratin, and B-myosin, or regularly folded 
in one dimension, as in the a- and supercontracted © 
forms of keratin and myosin. When the chains are | 
fully folded, so-called “globular” proteins result, such | 
as egg albumin, haemoglubin, pepsin, and insulin. The 
“globular” proteins unfold on denaturation, and the | 
liberated polypeptide chains may then sometimes be | 
spun into artificial protein fibers. In the living cell 
there is probably an unlimited number of reversible 
interchanges between various states of folding. 

157, Langmuir, V. J. Schaefer and D, M. Wrinch, 


ScreNcE, 85: 76, 1937. ' 
16 Nature, 137: 803, 1936. 
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Knowledge of protein structure has not yet reached 
the point where it can be indisputably stated that there 
is but one stereochemistry of the proteins based on the 
convolutions of the polypeptide chain, even though 
this conclusion is a likely one. It may be that proteins 
fall into two groups, morphologically considered, the 
soluble proteins—egg-albumin, insulin, edestin, ete.— 
of globular molecular form, and the insoluble proteins 
—silk, hair, wool, ete——with chain molecules. Proto- 
plasm will then contain both forms, and to the chain 
molecules are its elastic, structural, and anomalous 
properties due. 

These are questions which will have to be settled by 
the organie and x-ray chemists. But the biologist is 
in the happy position that whatever the answer, he 
still has sufficient to meet his major demands; namely, 
a continuity and symmetry in structure which will 
satisfy the elasticity and non-Newtonian behavior of 
protoplasm, to which must be added fundamental bio- 
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logical qualities. Among these are certain genetical 
requirements. 

In order that the linear arrangement of genes shall 
be kept, it is necessary to assume that chromosomes 
maintain their identity throughout the life of the cell, 
and not just during mitosis as heretofore believed. 

Structural continuity and symmetry in organization 
are necessary prerequisites of an ordered behavior, 
and the latter is a fundamental quality of all living 
matter. 

In conelusion, I wish to refer to a recent hypothesis 
on the mechanism of protoplasmic streaming, in order 
to indulge in a speculation which makes further use 
of the theory of protein and protoplasmic structure 
as here set forth. I made the suggestion’? that the 
streaming of protoplasm in slime-molds is due to 
rhythmic pulsations of the plasmodium, thus attribut- 
ing to a very primitive form of living matter the same 
capacity for rhythmic contractiliity possessed by cer- 
tain tissues of higher organisms. I discarded all older 
hypotheses of protoplasmic streaming, of which there 
are several based on surface tension, hydration, and 
electroendosmosis. In ascribing the outward and in- 
ward flow of protoplasm in slime-molds to rhythmic 
pulsations of the plasmodium, I gave no hint of the 
possible mechanism of the systolic and diastolic move- 
ments. It has occurred to me that these movements 
may be due to the contraction of folded molecules such 
as those postulated by Astbury for wool and hair. 

As contractility is a property of all living matter, 
we may make the general postulate that vital eontraec- 
tility, wherever it occurs, whether in the most elemen- 
tary forms of protoplasm or in highly specialized tis- 
sues, is due to the shortening of protein fibers by 
molecular folding or helical contraction. The energy 
for this work is supplied by the oxidative processes 
in the cell. 


OBITUARY 


WILLIAM WALLACE CAMPBELL 

“Aut of his life William Wallace Campbell did diffi- 
cult things with high courage. There can be no doubt 
that the most diffieult thing he ever did, and the one 
which required the highest courage, was to end his own 
life. Most who take their own lives do it from lack of 
courage. One can not read the pitiful notes left by 
Dr. Campbell and bring that charge against him. We 
can do Dr. Campbell this justice and yield no whit in 
our disapproval of self-destruction.” 

All Dr. Campbell’s friends, who knew of his condi- 
tion in recent months, will agree with the statement I 
have just quoted from an editorial printed in the San 
Francisco Chronicle on June 15, twenty-four hours 
atter his tragie death. 

It was an act of highest courage dictated by love 


for his devoted wife and children and desire to spare 
them the | urden of caring, perhaps for long months, 
for an invalid rapidly approaching the state in which, 
by reason of blindness and aphasia, he could not even 
communicate his thoughts or wants to them. “It is 
better,” he wrete, “that I go away now with my powers 
nearly all gone.” 

I shall not here attempt to pass in full review Dr. 
Campbell’s brilliant career as an astronomer and as a 
great leader and executive, were it only for the reason 
that space limitations would forbid. At tue “Sym- 
posium in Appreciation of the Scientific Contributions 
of William Wallace Campbell,” held at Harvard Ob- 
servatory on March 31, 1938, Dr. Shapley, in his intro- 


17 W. Seifriz, ScteNcE, 86: 397, 1937. 
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ductory general sketch of his career, remarked : “It was 
his fortune and it is ours also this afternoon, that 
Campbell is versatile and a pioneer.” The six speakers 


who followed emphasized his versatility by the subjects. 


of their addresses : “Eclipses and Eclipse Expeditions,” 
“Planetary Atmospheres,” “Pioneer Studies of Stellar 
Spectra,” “Spectroscopic Binaries,” “Stellar Motions” 
and “Nebular Spectroscopy.” In all these fields of 
research Campbell’s work has been of outstanding sig- 
nificance, and in some he was a recognized leader. 

Born in Haneock County, Ohio, on December 28, 
1862, and receiving an engineer’s training at the Uni- 
versity of Michigan, from which he graduated in 1886, 
he had already established his reputation as a teacher 
of mathematics and practical astronomy and as a com- 
puter of orbits when he came to the Lick Observatory 
as astronomer in 1891, to take up spectroscopic work. 

Astronomers the world over acknowledge that his 
pioneer measures of the radial velocities of stars in 
1896, with the original Mills spectrograph, designed 
by himself on sound engineering as well as sound 
optical principles, set the standard for accuracy in 
this line of work and that the great program of 1mea- 
suring the radial velocities of all the brighter stars 
in the entire sky which he then initiated and carried 
out in the years that followed, at Mount Hamilton and 
on Cerro San Cristobal in Chile, with the aid of Wright 
and Moore and other able associates and assistants, has 
provided the fundamental data for our knowledge of 
stellar motions in the line of sight. 

This great program, with its by-product of the dis- 
covery of the high percentage of binary star systems 
existing among the stars, he himself regarded as per- 
haps his major contribution to astronomy, but spectro- 
graphie work in every form appealed strongly to him 
and he investigated, sometimes alone, sometimes in 
collaboration with others, the spectra of the Orion 
Nebula, the planetary nebulae, the so-called Wolf- 
Rayet stars, the planet Mars and, in particular, the 
solar atmosphere at times of total eclipse of the sun. 
It was, in considerable part, pioneering work, but work 
so carefully planned, so skilfully carried out that, 
though some of his conclusions were sharply criticized 
at the time when they were put forward, the most 
recent researches, with greatly improved equipment, 
have sustained them. His work in collaboration with 
Moore, on the peculiar structural form of the lines in 
the spectra of the planetary nebulae, offers, as Menzel 
has said, “the only observational evidence on this 
problem.” His observations of the spectrum of Mars, 
made at Mount Hamilton and on the summit of Mount 
Whitney, alone and in collaboration with Albrecht and 
others, established the fact that the amount of water 
vapor in the Martian atmosphere was vertainly not 
greater than one fourth that above Mount Hamilton on 
a dry summer’s day. 
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Dr. Campbell observed his first total eclipse of the 
sun at Jeur, India, on January 22, 1898. In addition 
to the stationary camera known as the “Schaeberle 40- 
foot,” and smaller cameras for direct photography, he 
took along five spectrographs, three of them of novel 
design, to record “the spectrum of the sun’s edge, con- 
tinuously for a few seconds at the beginning of totality, 
and a few seconds at the end of totality, by means of 


plate holders moving at a uniform rate by clock work” 


(italics mine). 

This type of spectrograph, which he invented in 
1896 when he had expected to go to the Japan eclipse, 
was Campbell’s major contribution to solar eclipse 
equipment, and it was used by him successfully not 
only at the eclipse of 1898, but also at those of 1900, 
1905, 1908, 1918 and 1922. The results obtained were 
fully analyzed and discussed by Dr. D. H. Menzel, 
whom I invited to come to the Lick Observatory (with 
Dr. Campbell’s full approval), in 1926, chiefly for that 
purpose, and have been published in Volume XVII 
of the Lick Observatory Publications. In the course 
of this work, carried out in regular consultations with 
Dr. Campbell, who was then president of the Univer- 
sity of California, Dr. Menzel, like all others who had 
come to have intimate knowledge of his work, con- 
ceived the highest admiration for his resourcefulness 
and skill as an observer and for his grasp of the prob- 
lems he had set himself to solve. The eclipse plates 
were as good as any that could have been obtained 
under the conditions prevailing at each station, and 
in particular, the flash spectrum he “obtained in Spain 
with his moving plate method was superb.” 

At the Australian eclipse, when Dr. Moore and Dr. 
Trumpler were his chief fellow observers, his equip- 
ment included a battery of cameras specially designed 
and mounted under his immediate supervision to test 
the existence of the Einstein effect—the deflection of 
star light passing through the sun’s gravitational field 
called for by the theory of relativity. Tests for this 
effect—the first to be made—had been attempted by 
him at the Goldendale, Washington, eclipse of 1918 
with inconclusive results, but those made in 1922 and 
later analyzed in detail by Dr. Trumpler not only fully 
confirmed the results obtained by the British observers 
at the 1919 eclipse but still afford the best evidence 
we have on this subject. 

On all his eclipse expeditions he was accompanied 
by Mrs. Campbell, and he often gratefully acknowl- 
edged his indebtedness to her for her care and assis- 
tance under conditions that were not infrequently 
primitive and highly trying. 

Not long after his return from the eclipse in India 
came the untimely death, in 1900, of Dr. James E. 
Keeler, who had succeeded Dr. Holden as director of 
the Lick Observatory in 1898. President Wheeler, of 
the University of California, wrote to twelve of the 
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most prominent astronomers of the world asking 
recommendations for a successor to Keeler. Every 
one replied that he could find no better man anywhere 
than Dr. Campbell. President Wheeler repeatedly 
commented on this remarkable tribute. 

Thus, on the opening day of the present century, 
Dr. Campbell began his career as director of the Lick 
Observatory. On the success of his administration I 
need hardly comment. The contributions to knowl- 
edge made in the twenty-three years that followed, 
by himself and by the members of his staff, are re- 
corded in the Publications and Bulletins of the ob- 
servatory and in many scores of papers in the astro- 
nomical journals. His success led to repeated offers, 
as I ean testify from personal knowledge, of positions 
of great honor and importance in Eastern institutions, 
but he refused them all, saying his ambition was fully 
satisfied. He preferred the directorship of the Lick 
Observatory to any position elsewhere that might be 
offered to him. 

On his return from the Australian eclipse, when he 
was greeted by a deputation of the regents of the uni- 
versity with the offer of the presidency he gave the 
same reply. But they were in great need of a man of 
his outstanding executive and administrative ability, 
his breadth of vision and his strength of character—his 
“backbone,” as one of them said—and they pressed 
their claims upon him so strongly that he was forced 
to yield. Even so, he hoped his term of service might 
prove very short, and therefore retained his title of 
director and his residence on Mount Hamilton, in full 
expectation that he would presently returr, but the 
problems facing him in his new office were greater 
than he had anticipated and kept him at his post until 
he was stricken on the commencement platform in 1930 
by the disease that led ultimately to his death. 

Of his work as president, let Chester H. Rowell, 
regent of the university, speak: “With a hand always 
gentle but always firm and never shirking, President 
Campbell ruled the university wisely and well. 
Whether in its nominally ruling board, in its faculty 
or in its student body, there are problems great and 
small in all universities. The great ones, Dr. Camp- 
bell faced greatly, seeing them in the full perspective 
of the long future and of their widest ramifications, 
as was natural to a scientist whose habitual intellec- 
tual background had been the whole harmony of the 
universe. The petty ones he saw in their infinitesimal 
smallness and sometimes also in their equally measure- 
less contemptibility. He was no passionless super- 
comptometer, but a very human person capable of 
indignation and disgust. But his contempts were all 
for the contemptible.” 

Of course he sometimes made mistakes but saying 
that is only another way of saying that he was a human 
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being. And if his colleagues now and again felt that 
he was wrong in the stand he took they also knew thai 
he had carefully considered his position and was sin- 
cerely bent upon doing what he thought to be best for 
the observatory or, later, for the university. 

The same high qualities of mind and character, the 
same great organizing ability that made him a success- 
ful university president, he exercised in the interest of 
his fellow astronomers and workers in all fields of 
science; in 1915, when he not only served as president 
of the American Association for the Advancement of 
Science, but helped to organize the Pacific Division of 
the association, and became its first president, and 
again, in 1919, when he was one of the leaders in the 
organization of the International Astronomical Union, 
of which he became president in 1922, the same year 
in which he was chosen as president of the American 
Astronomical Society. Even after his retirement, in 
1930, he continued his activities and for four years, 
1931-1935, carried, in addition to other great respon- 
sibilities, the burden of the presidency of the National 
Academy of Sciences, and carried it so_ successfully, 
despite his ill health and his partial blindness, that he 
was acclaimed as one of the great leaders of that dis- 
tinguished body. 

Dr. Campbell’s work as a man of science, as educa- 
tor and executive was signalized by the honors be- 
stowed upon him—honorary academic degrees, medals, 
decorations, honorary memberships in learned societies. 
His friends gratefully recall these tributes to his worth. 

And now, in closing this brief sketch, let me recall 
for you one of the almost countless vivid memories I 
have of our long and close association. It was in 
April, 1896, ten months after ' had joined the staff 
of the Lick Observatory as the junior assistant astrono- 
mer. Dr. Campbell was temporarily in charge of the 
observatory, in the absence of Dr. Holden and Pro- 
fessor Schaeberle. Swift had discovered a comet and 
Hussey had secured two of the three measures required 
to compute a preliminary orbit with the expectation 
of making the third measure and computing the orbit. 
It was the aim of the Lick observers in those days to 
get out the first orbit of newly discovered comets, a 
duty taken over later by the staff of the Students’ 
Observatory at Berkeley. An emergency arose, how- 
ever, calling Professor Hussey away, and Campbell 
came in at breakfast time to ask if I would take his 
place. Naturally, I jumped at the chance, the first 
I had had. 

That evening he met me in the 12-inch dome, re- 
corded for me while I made my observations, checked 
my reductions and telegraphed the measure to the 
Central Bureau at Boston. Then we sat down, I to 


compute the orbit, he to carry out a check computation. 
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By daylight, the work was done, orbit elements and 
ephemeris put into a code telegram, signed by Camp- 
bell as acting director, but credited entirely to me! 
This was typical of the man who was my friend 
throughout the years. 
Ropert G. AITKEN 


RECENT DEATHS 
FRANK BursLtEy Tayuor, of Fort Wayne, Ind., 
who was connected with the U. 8S. Geological Survey 
from 1900 until his retirement in 1916, died on June 
12 at the age of seventy-eight years. 
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Cart Cuapp THomAS, formerly professor of me- 
chanical engineering at the Johns Hopkins University, 
died on June 4 at the age of sixty-six years. He was 
a member of the faculty from 1913 until 1920, when 
he was appointed vice-president of Dwight P. Robin- 
son and Company. From 1921 to 1924 he was city 
director of Pasadena. 


Dr. F. M. Haygs, of the Division of Veterinary Sci- 
ence of the College of Agriculture of the University 
of California, died suddenly on June 12 at the age of 
fifty-three years. 


SCIENTIFIC EVENTS 


CONFERENCE AT COLD SPRING HARBOR 
ON PLANT AND ANIMAL COMMUNITIES 
THE Biological Laboratory at Cold Spring Harbor, 

Long Island, N. Y., has invited a group of botanists 
and zoologists interested in community problems to 
present a series of papers during the week of August 
29. Not more than two papers will be read on any 
one day, an arrangement allowing ample time for the 
presentation of each subject and discussion by the 
members of the conference and visitors. A brief series 
of trips will allow further illustration and discussion 
of concepts in the field. There will be nine papers, 
which, together with edited discussions, will be printed 
as No. 1, Vol. 20, of The American Midland Naturalist 
for January, 1939. 

Ecology is one of the most complex biological sci- 
ences because of ramifications into the basic sciences 
of physics, chemistry, biometry, geology, pedology, 
climatology, taxonomy, physiology and morphology. 
It seems highly desirable that within the field of com- 
munity study, per se, ecologists working with such 
diverse materials as microorganisms, experimental 
populations, marine and fresh water communities, and 
terrestrial communities of all ranks, take stock of 
their common concepts and problems. An attempt to 
approach an understanding of the causes for such 
differences as are inherent in the various materials 
should prove valuable. Such a conference will be of 
most value to members and visitors, but it is expected 
that the published proceedings will be of service to 
ecologists in general. 

Investigators interested in the conference may attend 
and take part in the discussions and field trips without 
further invitation. Inasmuch as housing facilities are 


limited at the laboratory, visitors planning to stay over 
night or longer should make arrangements for rooms 
in advance by writing the director of the laboratory. 
Dr. Stanley A. Cain is secretary of the conference 
and Theodor Just is the editor of the proceedings. 


THE WISCONSIN CHAPTER OF SIGMA XI 


THE Wisconsin Chapter of Sigma Xi held eight 
meetings during the year 1937-1938. The programs 
were as follows: 

1937 


November 10. ‘‘The Geology and the People of New- 
foundland’’ by Professor W. H. Twenhofel, of the 
geology department, University of Wisconsin. 

December 10. ‘‘The Fundamental Concept ef Sta- 
tistical Estimation’’ by Professor Frank Yates, 
chief statistician at the Rothamsted Experimental 
Station, Harpenden, England. 


1938 


January 19. ‘‘The Eclipse of the Sun’’ by Joel Steb- 
bins, director of the Washburn Observatory, Uni- 
versity of Wisconsin. 

March 2. ‘‘The Origin of Species in Plants’’ by Dr. 
Fritz von Wettstein, director of the Kaiser Wilhelm 
Institut fiir Biologie, Berlin-Dahlem. 

March 25. ‘‘The Constancy of the Internal Environ- 
ment in a Condition of Free Life’’ by Dr. John 
Beattie, director of research laboratories, Royal Col- 
lege of Surgeons of London, England. 

April 13. ‘‘ Vitamin B, and Cell Metabolism’’ by Dr. 
R. R. Williams, chemical director of the Bell Tele- 
phone Laboratories, New York City. 

April 25. ‘‘Recent Advances in Intermediary Carbo- 
hydrate Metabolism’’ by Dr. Hanz Adolph Krebs, 
department of pharmacology, University of Shef- 
field, England. 

May 18. ‘‘The Drug Addiction Problem’’ by Dr. M. 
Harrison Seevers, associate professor of pharma- 
cology, University of Wisconsin. 


At the meeting on January 19 thirty-nine new mem- 
bers were initiated and four associate members were 
advanced to full membership. The annual dinner 
meeting of the society was given on May 18 when 
forty-four new members were initiated and three mem- 
bers were promoted from associate membership. The 
following officers were elected for next year: Presi- 
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dent, L. E. Noland; Vice-president, (Miss) C. Audrey 
Richards; Secretary, J. G. Winans; Treasurer, W. B. 
Sarles; Board of Electors (3-year term), R. K. Meyer 
and A. L. Tatum. 


JOINT SYMPOSIUM OF ENTOMOLOGISTS 
AND ECOLOGISTS AT THE RICHMOND 
MEETING 

Tue Entomological Society of America, the Amer- 
ican Association of Economic Entomologists and the 
Ecological Society of America have arranged a joint 


symposium for their annual meetings at Richmond, - 


Va., in December on the general topie “Insect Popu- 
lations.” The symposium will be held in the Roof 
Garden of the John Marshall Hotel on the afternoon 
of December 27, at 2:00 p.m. The detailed program, 
over which Dr. V. E. Shelford, of the University of 
Illinois, will preside, is as follows: 


Insect Population Problems in Relation to Insect Out- 
breaks: Royal H. Chapman, director, Pineapple Pro- 
ducers’ Experiment Station, Honolulu. 

Population Studies of Soil Insects: Kenneth M. King, 
Dominion Entomological Laboratory, Saskatoon, Sas- 
katchewan, Canada. 

Populations of Social Insects: Alfred E. Emerson, Depart- 
ment of Zoology, University of Chicago. 

Forest Insect Populations: Samuel A. Graham, School of 
Forestry and Conservation, University of Michigan. 

Insect Populations in Relation to Biological Control: Harry 
S. Smith, Citrus Experiment Station, University of Calli- 
fornia, Riverside. 


Negotiations are under way for the publication of 
the papers given in the symposium as a number of 
Ecological Monographs. This will be possible if ad- 
vance orders of 600 copies are guaranteed by the ento- 
mologists at a price of $1.00 or less per copy. 


THE JANE COFFIN CHILDS MEMORIAL 
FUND FOR MEDICAL RESEARCH 


In the issue of Science for July 1 an account was 
given of the work and organization of the Jane Coffin 
Childs Fund for Medical Research. Grants for the 
support of cancer research have been made as follows: 


For general services to cancer research the Childs Fund 
has agreed to contribute’ $1,000 per year for five years, 
1937-42, to the American Journal of Cancer. 

To Washington University School of Medicine, depart- 
ment of pathology, for investigations of the relation of 
hormones to cancer, by Dr. Leo Loeb, $2,000 per year 
for two years, 1937-39. 

To the Johns Hopkins University School of Medicine, 
department of pathology, for the study of production of 
carcinoma on the basis of vitamin deficiencies and the 
effects of carcinogenic substances on tissue cultures, by 
Drs, William G. MacCallum, Gerson R. Biskind and 
Jerome Mark, $2,000 for one year, 1937-38. 
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To Cornell University Medical College, department of 
pathology, for experimental investigations of leukemia, 
with special reference to extrachromosomal factors, by 
Drs. Eugene Ll. Opie and J. Furth, $4,500 for one year, 
1938-39. 

To the Research Institute of the Royal Cancer Hospital 
(Free), London, for investigations of carcinogenic sub- 
stances and other phases of cancer research, by Dr. E. L. 
Kennaway, $1,000 for one year, 1937-38. 

To Yale University, department of chemistry, for stud- 
ies of the relation of steroids to carcinogenic substances, 
by Dr. Werner Bergmann, $1,800 per year for two years, 
1937-39. 

To Yale University School of Medicine in departments 
listed below: | 

To the department of anatomy, Dr. Edgar Allen, 
chairman, for program of investigation of cancer in mice, 
genetics of cancer in mice and for services in connection 
with colony of genetically controlled mice, by Dr. Leonell 
C@. Strong and associates, $8,200 per year for three years, 
1938-41. Increased facilities for caring for animals have 
also been provided. 

To the department of anatomy, for studies of the rela- 
tion of estrogens to production of cancer, by Dr. William 
U. Gardner, $2,800 for three years, 1938-41. 

To the department of anatomy, for services of stenog- 
rapher and clerk in connection with department’s pro- 
gram of cancer research, $1,000 per year for three years, 
1938-41. 

To the department of anatomy, section of neuro- 
anatomy, for studies of electrodynamic potentials of can- 
cer induced in mice and of cancer in man, by Dr. Harold 
8S. Burr and associates, $2,900 for the year 1937-38; re- 
newed in the amount of $3,200 for the year 1938-39. 

To the department of physiological chemistry, Dr. C. N. 
H. Long, chairman, for physiological chemical investiga- 
tions of tumors, with special reference to respiration, 
enzymatic processes and protein composition, by Dr. 
Kurt G. Stern, $7,500 per year for three years, 1938-41. 
An ultra-contrifuge laboratory will be equipped and other 
special apparatus provided. 

To the department of pathology, for investigation of 
the relation of stroma to survival of engrafted tumors 
and mechanism of the formation of stroma, by Dr. Milton 
C. Winternitz and associates, $5,000 for one year, 1938-39. 

To the department of pathology, for investigation of 
cancer by means of tissue cultures, by Drs. Robert Ten- 
nant and Averill A. Liebow, $1,800 for one year, 1938-39. 

To the department of bacteriology, laboratory of Dr. 
S. Bayne-Jones, for investigations of viruses in relation 
to cancer and immunological studies of certain neoplasms, 
by Dr. F. Duran-Reynals, $10,000 per year for three 
years, 1938-41. 

To the department of surgery, tumor clinic, for various 
investigations of cancer centering around the activities 
of the Tumor Clinie and related clinical divisions, by 
Drs. Samuel C. Harvey, Ashley W. Oughterson, Hugh M. 
Wilson and associates, $10,000 per year for three years, 
1938-41. 

The first allocation under this appropriation is $1,500 
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for one year, 1938-39, for investigation of the effects of 
radiation, particularly in reference to the stroma of tu- 
mors, by Drs. Ashley W. Oughterson and Edwin A. 
Lawrence. 

To the Cushing Brain Tumor Registry for studies of 
the natural history of tumors of the brain, meninges and 
related structures and for the work of the registry, by 
Drs. Harvey Cushing and Louise Eisenhardt, $2,500 per 
year for three years, 1938-41. 

This is the first allocation from an appropriation of 
$10,000 per year for three years, 1938-41, for cancer re- 
search in various departments of Yale University, not yet 
specified. 

To the School of Medicine for the construction of quar- 
ters for animals, to be used at first for housing Dr. Leonell 
C. Strong’s colony of cancer-susceptible and cancer- 
resistant mice, $15,000 to be expended in 1937-38. 

In connection with this or other projects appropriation 
has been made in the amount of $2,590 for the wages of 
a caretaker of animais and to supplement funds for quar- 
ters and maintenance of animals, for one year, 1938-39. 

Two additional appropriations have been made to in- 
crease facilities for cancer research and to assist coordina- 
tion of work at Yale. The ownership of material pur- 
chased under these grants remains with the Childs Fund. 
These are: 

For the purchase of books, monographs and periodicals 
in the field of knowledge of cancer, $3,000 to be expended 
over a period of four years, 1937-41. For the binding, 
cataloguing, shelving and care of these books, the sum of 
$1,000 has been made available. The books will be de- 
posited in the medical library in the Sterling Hall of 
Medicine. 

For the purchase of ultracentrifuges, ultra-violet spec- 
trograph, spectrophotometer, Warburg respiration appa- 
ratus and other special apparatus, $10,000 was appro- 
priated for use during the year 1937-38. This apparatus, 
located in laboratories in the department of physiological 
chemistry, under the supervision cf Dr. Kurt G. Stern, 
will be available for use by members of the group of in- 
vestigators of cancer. 


APPOINTMENTS AND PROMOTIONS AT 
THE ROCKEFELLER INSTITUTE 
FOR MEDICAL RESEARCH 


THE Board of Scientific Directors of the Rockefeller 
Institute for Medical Research announces the following 
appointments and promotions on the scientific staff to 
take effect on or after July 1, 1938: 


Promotions: 


Associate to Associate Member—Dr. René J. Dubos, 
Dr. Kenneth Goodner, Dr. Rafael Lorente de Né6, 
Dr. John B. Nelson. 

Assistant to Associate—Dr. Albert Claude, Dr. Joseph 
8. Fruton, Dr. John G, Kidd, Dr. Colin M. Mac- 
Leod, Dr. William C. Price, Dr. Charles V. Sea- 
stone, Jr., Dr. Joseph E. Smadel, Dr. Philip R. 
White. 

Fellow to Assistant—Dr. Max A. Lauffer, Jr. 
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New Appointments: 

Assistants—Dr. Jorge Casals-Ariet, Dr. Smith 0, 
Dexter, Jr., Dr. Thomas D. Dublin, Dr. William 
F. Friedewald, Dr. Rollin D. Hotchkiss, Dr. Fran. 7 
cis H. Wright. 

Dr. Paul B. Beeson has been appointed resident physi- 
cian at the hospital. 

Fellows—Mark H. Adams, Dr. Konrad Dobriner, Dr, 
Robert 8. Dow, Dr. Isabel M. Morgan, Dr. Ernst 
Scharrer. 


Also the following changes in the administrative 
staff : 


The retirement of Miss LilMa M. D. Trask, as librarian, 
after 27 years of service. 

In the hospital, the retirement of Miss Nancy P. Elli- | 
cott, superintendent, Miss Mary B. Thompson, assistant 
superintendent, who have served since the opening of the 
hospital in 1910, and Miss Katherine M. Christhilf, house- 
keeper, who has served since 1913, to be succeeded by | 
Miss Alice N. Lockie as superintendent, Miss Georgina 
M. Drew as assistant superintendent and Miss Stella R. 
Hoffman as supervisor of nurses. 


DOCTORATES OF SCIENCE CONFERRED BY 
HARVARD AND PRINCETON 
UNIVERSITIES 


As announced last week in ScIENCE, the degree of © 
doctor of science was conferred by Harvard University @ 
on Dr. Frank R. Lillie, Dr. Wendell M. Stanley and © 
Dr. Irving Langmuir. The citations made by Presi- | 
dent James Bryant Conant follow: 


Frank R. Lillie, dean of the division of biological sciences, 
University of Chicago; doctor of science, ‘‘A marine 
biologist honored and admired both for his own in- 
vestigations and for his ability to aid his fellow work- 
ers as dean at Chicago and director at Woods Hole.’’ 

Wendell M. Stanley, biochemist with the Rockefeller In- 
stitute, Princeton, N. J.; doctor of science, ‘‘A bio- 
chemist who has cooperated effectively with plant pa- 
thologists; his isolation of a crystalline filterable 
virus has turned a new page in the history of medi- 
cine.’’ 

Irving Langmuir, research chemist with General Electric 
Company, Schenectady, N. Y.; doctor of science, 
‘*Nobel Laureate in chemistry, but yet a physicist; 
his penetrating studies of solid surfaces have aided 
both industry and science.’’ ! 


Princeton University on June 22 conferred the doc- 
torate of science on Dr. Charles J. Hatfield and on | 
Clinton Joseph Davisson. In presenting the recipi- 
ents of honorary degrees, Professor Luther Pfahler 
Eisenhart, dean of the Graduate School, spoke as 
follows: 

Charles James Hatfield, a graduate of Princeton of the 
great Class of 1888 and of the Medical School of the 
University of Pennsylvania; for many years executive 
director of the Henry Phipps Institute for the Study, 
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Prevention and Cure of Tuberculosis, the pioneer in- 
stitution in this country devoted to this cause; for 
over twenty-five years a leading figure in the National 
Tuberculosis Association, recently awarded the Tru- 
deau Medal for his meritorious contributions to the 
prevention and treatment of this disease. A life-long 
fighter against ‘‘the destruction that wasteth at noon- 
day,’’ he sees on every hand signs of victory in war- 
fare for the preservation of mankind. 

Clinton Joseph Davisson, member of the technical staff 
of the Bell Telephone Laboratories and of the Na- 
tional Academy of Sciences; a doctor of philosophy of 
Princeton. His investigations on the diffraction of 
electrons by crystals, executed concurrently with, but 
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independently of, the rise of wave mechanics, gave the 
first direct proof of the undulatory properties of mat- 
ter; for this remarkable and brilliant achievement he 
was awarded successively the Comstock Prize of the 
National Academy of Sciences, the Cresson Medal of 
the Franklin Institute, the Hughes Medal of the Royal 
Society of London and in 1937 the Nobel Prize. A 
modest and resourceful designer of experimental at- 
tack, he began, as a fellow in our own Palmer Labora- 
tory under the inspiration of another Nobel Laureate, 
Owen Richardson, his researches on thermionics, which 
have made him a leader in this field, so fundamental 
for modern experimental science, and the recipient of 
the highest award for scientific discovery. 


SCIENTIFIC NOTES AND NEWS 


THE Theobald Smith Medal, with an honorarium of 
one thousand dollars of the American Association for 
the Advancement of Science, founded by the Eli Lilly 
Company, Indianapolis, was awarded at the Ottawa 
meeting to Dr. Charles F. Code, of the Mayo Founda- 
tion, in recognition of his discovery that the chemical 
histamine is normally present in human blood and 
when present in abnormal amounts indicates tubercular 
infection or an allergic reaction to the presence of 
foreign proteins in the body. 


THE Borden Awards, in recognition of research in 
dairy science, were presented by. the American Dairy 
Science Association, meeting at Columbus and Wooster, 
to Dr. William E. Krauss, associate dairyman at the 
Ohio Agricultural Experiment Station, Wooster, in 
recognition of his work on the nutritive values of milk, 
and to Dr. Kenneth G. Weckel, of the University of 
Wisconsin, in recognition of his work in the field of 
milk irradiation. The awards—a gold medal and 
$1,000—were presented by W. A. Wentworth, of the 
Borden Company, New York City. 


Tue final number of Volume 12 of the National 
Mathematics Magazine is dedicated to Professor G. A. 
Miller on the oceasion of his seventy-fifth birthday 
anniversary, which will occur on July 31. 


PROFESSOR MapiIsoN BENTLEY has retired from the 
Sage chair of psychology at Cornell University. Stu- 
dents and colleagues at Cornell and at the University 
of Illinois have had his portrait done in oils by Olaf 
Brauner. Professor Bentley has lent the picture for 
an indefinite time to the department at Cornell, where 
it is to hang in the great hall of the laboratory. A 
book of eighty letters, written by former students and 
colleagues, was presented at the same time. After 
the summer in California, Professor Bentley will live 
in Washington, D. C., where he has been appointed 
consultant for psychology and related subjects in the 
Library of Congress. 


A TESTIMONIAL dinner has been given to celebrate 
the seventy-fifth birthday on June 20 of Dr. John M. 
T. Finney, professor emeritus of surgery at the Johns 
Hopkins Medical School. He was presented on this 
occasion with a bust of himself executed by Hans 
Schuler, president of the Maryland Institute. At a 
meeting on June 17 of the executive committee of the 
Baltimore Chapter of the American Red Cross, Dr. 
Finney was presented with a letter of congratulation 
from President Roosevelt. 


THE honorary degree of doctor of engineering was 
conferred on June 17 by the Worcester Polytechnic 
Institute on Dr. William F. Durand, professor emer- 
itus at Leland Stanford University; on Frederick M. 
Feiker, executive secretary of the American Engineer- 
ing Council; on Arthur D. Butterfield, professor of 
geodesy at the University of Vermont, and on Arthur 
W. French, who has completed thirty-nine years as a 
member of the faculty. 


Dr. WENDELL M. STANLEY, of the department of 
animal and plant pathology of the Rockefeller Insti- 
tute for Medical Research at Princeton, N. J., was 
awarded on June 22 the honorary degree of doctor of 
science by Yale University. 


THE doctorate of science was conferred on June 13 
by the College of Wooster on Dr. J. T. Patterson, pro- 
fessor of zoology at the University of Texas. 


At the recent meetings in Rome of the International 
Union of Chemistry and of the Congress of Chemistry, 
organized under its auspices, Dr. Marston T. Bogert, 
professor of organic chemistry at Columbia University, 
was elected president of the union for the next four 
years. He is the first American to hold this office. 
The meetings were attended by some three thousand 
persons representing about thirty different nations. 


DeENyse W. Atwater, of the Westinghouse Electric 
and Manufacturing Company, was elected president of 
the Illuminating Engineering Society at the recent 
Briarcliff meeting. 
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Witut1AaM W. WINSHIP, manager of the Thermal 
Syndicate, New York City, has been elected chairman 
of the New York Section of the American Chemical 
Society. 

Dr. CARLETON B. PErRcE, associate professor of 
roentgenology in the Medical School of the University 
of Michigan, has resigned to become director of the 
department of radiology at the Royal Victoria Hos- 
pital in Montreal. 


Dr. Jas. Lewis Howe, of Washington and Lee 
University, retired at the end of the academic year 
as professor of chemistry and head of the department 
of chemistry with the title of professor emeritus. He 
will, however, continue to give courses in chemistry. 
Dr. Howe has been professor of chemistry at Wash- 
ington and Lee University for forty-four years. He 
is succeeded as head of the department by Dr. L. J. 
Desha. 


Dr. WitL1AM McPHERSON, emeritus professor of 
chemistry at the Ohio State University, became acting 
president of the university on July 1. 


Dr. VINCENT DU VIGNEAUD, professor of biochem- 
istry and head of the department at the School of 
Medicine of the George Washington University, has 
been appointed head of the department of biochemistry 
at the Cornell University Medical School. He succeeds 
the late Stanley R. Benedict. 


Dr. Henry K. MOHLER, medical director of the 
Jefferson Medical College Hospital, Philadelphia, has 
been appointed dean of the Jefferson Medical School 
to succeed the late Dr. Ross V. Patterson. 


Dr. Harotp V. GaskILL, professor of psychology 
and assistant dean of the Division of Industrial Sci- 
ence at the Iowa State College, has been appointed 
dean of the division. — 


Dr. Pau H. Price, state geologist of West Virginia, 
associate professor and head of the department of 
geology at West Virginia University, has been pro- 
moted to a professorship. Dr. Price will continue to 
serve as state geologist. 


At the Iowa State College, Dr. Richard Scott Bear, 
of Washington University, has been appointed as- 
sistant professor of chemistry. He will be chiefly con- 
cerned with the application of physical chemistry to 
biological problems. Dr. Herman J. Stoever, formerly 
of Purdue University and the California Institute of 
Technology, has been appointed associate professor of 
mechanical engineering. 


Dr. CarLeTon §S. Coon, assistant curator of old- 
world ethnology at the Peabody Museum at Harvard 
University, has been promoted from an instructorship 
to an assistant professorship of anthropology. 
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Dr. Witu1aM M. Cau, instructor in biochemistry 
at the Cornell University Medical College, has been 
appointed instructor in the department of physiolog. 
ical chemistry of Wayne University College of Medi- 
cine, Detroit; Dr. Joseph L. Irvin has been appointed 
research associate in the department of surgery and 
instructor in the department of physiological chem. | 
istry. 

Dr. Metvin W. GREEN, of the Mellon Institute, has 7 
been appointed assistant professor of biochemistry at 
the Cincinnati College of Pharmacy. For the past 
two years he has been working, as research assistant 7 
to Dr. George D. Beal, on the assays of the organic 7 
medicinals of the United States Pharmacopoeia. 


At the U. 8. Geological Survey, C. F. Park, Jr., left 
Washington on June 24 for the State of Washington, 
where he will begin a detailed study of the manganese 


deposits of the Olympic Peninsula; R. 8. Cannon, who 


has been engaged for the past four months with James 
Gilluly in a study of the geology and ore deposits of 7 
the Pearce and Benson quadrangles, Arizona, left 
Tombstone on July 27 for the Seven Devils mining 
district, west-central Idaho, to begin a study of the | 
geology and mineral resources of the area. En route 
to the district he will stop in Moscow, Idaho, to confer 
with Director Fahrenwald, of the State Bureau of 
Mines and Geology. 


Dr. Witt1AM M. Mann, director of the National 
Zoological Park at Washington, D. C., sailed from New | 
York on June 29 for a two-months tour of the large | 
zoological gardens in Scandinavia, Great Britain, 
Russia and Germany. He is expected to return in 
September. 


CapTAIN Ropert A. BARTLETT sailed from New York 
on June 20 on the Effie Morrissey for his twelfth an- 
nual expedition to Greenland. The party included 
eleven college students. Specimens will be collected 
for the Smithsonian Institution and for the Cleveland @ 
Museum of Natural History. Reports will be made | 
to the Hydrographic Bureau in Washington on water 
conditions and temperatures. 


Dr. C. H. Benre, JR., has returned to Northwestern 
University after a year’s leave of absence, spent in 
studying the origin of lead and zine deposits in Europe 
and northern Africa under a Guggenheim fellowship. 


Dr. EARNEST ALBERT Hooton, professor of anthro- 
pology at Harvard University, lectured at the Iowa 
State College on June 27 and 28 on “The Lantern of 
Diogenes” and “Primates’ Progress.” 


Siaéma GAMMA Epsi.on, the national geological 
fraternity, established its thirty-second chapter at 
Augustana College, Rock Island, Ill., on June 3. Dr. 
Kenneth K. Landes, of the University of Kansas, 
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ficiated, and gave an address on “The Geology of 
he Chugach Range, Alaska:” Twelve men qualified 
; charter members of the new chapter. 


Av the ventennial and commencement exercises of 
he Medical College of Virginia, which were held from 
June 4 to 7, greetings were extended by representatives 
»f the state and city. Dr. Forest R. Moulton, perma- 
nent secretary of the American Association for the 
Advancement of Science, brought greetings in the 
name of science. Dr. Henry A. Christian, Hersey pro- 
essor of the theory and practice of physic at the Har- 
vard Medical School, made the principal address, his 
ubject being “The Lure of Medicine.” More than a 
hundred and thirty delegates from various colleges, 
nniversities and from state and national organizations 
nttended the exercises. The degree of doctor of sci- 
ence was conferred upon Dr. James Carroll Flippin, 
lean of the department of medicine of the University 
of Virginia. 


The Museum News reports that the South African 
fuseums Association held its second annual meeting 
A pril 19-21 in the Durban Art Gallery, Durban, Natal. 
Twenty-one representatives of nineteen institution 
members and four individual members were present. 
. Van Riet Lowe, of the Bureau of Archeology, 
Johannesburg, was elected president, succeeding KE. L. 
ill, of the South African Museum, Capetown. G. 
Arnold, Bulawayo; J. Hewitt, Grahamstown; P. F. 

awrence, Pietermaritzburg, and Dr. Gill were elected 
o the council. E. C, Chubb, Durban, was reelected 
secretary-treasurer. The association voted to hold the 

939 meeting in Bulawayo. 


THE ninth International Ornithological Congress 
was held in Rouen, France, from May 9 to May 13, 
pnder the presidency of Professor A. Ghigi, rector of 
he University of Bologna, with M. Jean Delacour as 
ecretary. Approximately three hundred persons were 
nm attendance, with delegates representing twenty-nine 
ountries. At the close of the sessions it was voted 
0 accept the invitation of the American Ornithologists’ 
Jnion to hold the next congress, which will come in 
942, in the United States. Dr. Alexander Wetmore, 
sistant secretary of the Smithsonian Institution, was 
lected president. The place and date of the meeting 
nd the name of the seeretary will be announced later. 


Tue International Grenfell Association is conduct- 
ng a preliminary survey regarding the incidence and 
haracter of tubereulosis in northern Newfoundland, 
ginning in July. The work is under the direction 
f Dr. Charles 8. Curtis, medical superintendent of the 
arenfell Hospitals in Newfoundland and Labrador, 
nd Dr. Theodore L. Badger, of Boston, with the 
ssistanee of Dr. Roy M. Seideman, of New York. It 
8 planned to make a tuberculin study of the incidence 
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of the disease in all age groups, with x-ray examina- 


tions and family contact studies. | 


THE annual field day of the Huntington College 
Botanical Garden and Arboretum, Huntington, Ind., 
of which Professor Fred A. Loew is director, was held 
on June 11. Dr. Paul Weatherwax, of the department 
of botany of Indiar « University, gave an address en- 
titled “Back to Realities in Our Way of Living.” 
There are now represented in the garden upwards of 
four hundred and fifty labeled species, chiefly from 
the North Central States. The arboretum, which covers 
about forty acres cut by ravines and streams, has been 
made accessible for class work and for observation by 
the public im the study of plants, birds and insects 
through the opening of a system of trails crossing at 
least five well-defined habitats. The grass section 
which was started this year now has growing fifty 
species of perennial grasses to which more are being 
added until the number reaches at least 250 species. 


THE new School of Chemical Engineering at Cornell 
University was officially inaugurated on July 1. As 
already announced, Professor F. H. Rhodes, who has 
been professor of chemistry and chemical engineering 
at the university since 1920 and who since 1930 has 
been chairman of the joint committee in charge of 
chemical engineering in the College of Engineering 
and the College of Arts and Sciences, has been made 
director; Dr. Osear J. Swenson, chemical engineer 
in the industrial engineering division of the E. I. du 
Pont de Nemours Company, has been appointed assis- 
tant professor of chemical engineering, and Dr. C. C. 
Winding has been promoted to an assistant professor- 
ship. Other members of the faculty are: Professors 
C. W. Mason and A. W. Laubengayer, of the depart- 
ment of chemistry, and Professors W. N. Barnard and 
A. C. Davis, of the Sibley School of Mechanical Engi- 
neering. The School of Chemical Engineering will 
grant the new degree of bachelor of chemical engi- 
neering and will also offer graduate work. 


By the will of Marietta Comly, of Columbus, the 
sum of $200,000 for medical and surgical research is 
left to the College of Medicine of the Ohio State 
University. 


A BILL has been passed by the Massachusetts Legis- 
lature and signed by the Governor appropriating $10,- 
000 per annum for geological work in that state in 
cooperation with the federal survey. Plans are now 
being made for prompt starting of studies of granites 
and other monumental stones in the state, and after 
consultation with the representatives of the state, 
details of additional desirable activities will be deter- 
mined. 


By proclamation of President Roosevelt the bound- 
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aries of Chiricahua National Monument, Arizona, 
have been extended by approximately 6,407 acres. 
These lands, formerly included in Coronado National 
Forest, contain some of the most spectacular scenery 
in Bonita Canyon, and belong, secenically and geologi- 
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cally, to the wilderness of rock shapes comprising 
Chiricahua National Monument. Because of the 
unique character of these examples of the work of 


erosion some 4,287 acres were given national monv- 


ment status in 1924. 


DISCUSSION 


SCIENCE IN THE LIBRARY 


MaGAZINES and the serial publications of learned 
societies are the most essential library tool of the 
scientist. Next in importance are the indexes and 
abstracting journals. Then come government docu- 
ments, and last of all come books. 

Any chemist knows that books in his field are nearly 
always a year behind the times. The material upon 
which the volume is based probably appeared in maga- 
zines six months before the manuscript went to press. 
By the time the library has ordered and catalogued 
the volume it is at least a year behind the material 
which is available in magazines. To repeat, any 
chemist knows this. However, librarians and non- 
scientists need to be reminded of this occasionally. 

Similarly a magazine may contain some poor mate- 
rial, but over a period of years much worthwhile 
material of value to people in many fields is included. 
Likewise the editing board of a magazine is less likely 
to be interested in sales than is a book company. 
Hence a book may have been selected with an eye to 
its use as a text-book. When such a volume is pur- 
chased, its value is limited to those in certain classes 
and fields. If it is poor in part, it is likely to be poor 
in whole. In other words, it takes less good judgment 
to buy basic magazines than it does to select books. 

However, scientific magazines are costly. No pro- 
fessor ean afford to purchase all the titles needed in 
his field. Furthermore, such items should be made 
available to his advanced and graduate students. 
Clearly the cost and responsibility must be accepted 
by the library. 

Occasionally, there is a temptation on the part of 
the librarian to accept the responsibility but to ask 
the science departments to share the cost. By some 
peculiar reasoning, librarians sometimes feel that titles 
used chiefly by English and sociology are of general 
interest, but that a title such as Chemical Abstracts 
will interest only chemists. It sometimes is easier for 


a scientist to check with his colleagues and to report 
interdepartmental use and interest in certain titles 
than it is for the library staff to do the same thing. 
Obviously if there is a general magazine budget a 
large number of scientific titles should be included. 
Equally obviously it is the job of the scientist to see 
whether or rot this is being done. 


Indexes and abstracts have two values. In the 
small library they enable the scholar to prepare a bibli- 
ography of materials needed. Using them he can in- 
telligently select materizl to request in interlibrary 
loan, to have photographed, or to have filmed for him. 
In the large library they save time which, would other- 
wise have to be spent thumbing through annual in- 
dexes of individual titles. 

The man who seeks truth in the laboratory should 
be glad to cooperate with the librarian in establishing 
the relative value and necessity for the various in- 
dexes. Mutual understanding will help the scientist 
and the librarian in all phases of their work together. 

Documents, like reprints, are too frequently piled 
up in libraries, or else shoved into unclassified pamphb- 
let boxes. Men interested in receiving these reports 
of experiments should consult with the library staff to 
see that a regular and systematic treatment is given 
this material. Scientists should be just as interested 
as librarians in discovering and reporting successful 
ways of handiing these items. 

Any scholar worth his salt knows who the outstand- 
ing men in his field are. He knows, too, which lab- 
oratory centers are conducting experiments in which 
his students would be interested. When publications, 
reasonably priced, are announced by either of these 
two, he should not have to wait for a review or an 
examination copy to know the library should have the 
title in question. 

In the case of unknown men, who have not pub- 
lished either in magazines or in books which are 
familiar to the professor, or in the case of a series in 
which all the work has not been good the instructor 
should wait for a competent review or else ask the 
library to order the book on approval. He should not 
order the book himself if he is doing it for the 
library. Most librarians will be glad to cooperate if 
they feel the instructor is trying to work with them, 
rather than attempting to work them. 

Last of all, it might pay scientists to remember that 
most librarians are not former science majors, They 
need occasional hints on the objectives and methods 
of science. When they ask questions about needs and 
orders, their inquiries should be regarded as a healthy 
interest and not as a challenge. 

L. H. Kirkpatrick 

UTaH STATE AGRICULTURAL COLLEGE 
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DECEMBER-HATCHED PHEASANTS LAY IN 
JULY ON NORMAL DAYLIGHT 

RECENTLY we? reported the hatching of three ring- 
necked pheasant chicks (Phasianus colchicus torqua- 
tus) on Christmas day. They were from eggs laid, 
beginning on November 8, by a pair of pheasants 
hatched on the preceding May 7. The two females 
that survived grew well in an improvised brooder. 

Early in June they were placed with a yearling 
male in the hope that'they might begin to lay some 
time during the summer. They were not experimen- 
tally lighted and their food was similar to that of the 
other pheasants at the sanctuary. 

Two eggs only were laid on July 25 and 27. They 
were judged to be from the same hen because they 
were almost identical in size, color and shape. They 
were infertile; probably because the cock had passed 
his period of sexual activity and was consequently 
/ unable to ejaculate sperm. The first was laid when 
| the hens were 212 days of age. Days had been increas- 
ing normally in length and luminous intensity for 178 
days to June 21 and decreasing in length, but probably 
not in luminous intensity, for 34 days thereafter. 

The parent of these birds was induced to lay at 185 
days of age by an increase of light per day commenc- 
ing 151 days after hatching and more rapid than the 
natural spring increase operating in this case. She 
was not subject to a final period of decreasing days. 
If these two birds had begun to lay at the same age 
as she did, the first egg would have been laid on June 
28, or seven days after daylength began to recede. 

The results of this experiment and the preceding one 
indicate that chicks of this species would lay several 
| eggs beginning about six and a half months after 
hatching, but for the decreasing daylength in summer 
and autumn or but for the lack of increasing daylength 
to stimulate the hypophysis to induce sexual activity. 

It has been shown® that reduction of daylength in 
spring retards or inhibits laying in pheasants. So the 
almost immediate cessation of laying was probably due 
to the 34 days of falling daylength. We found that a 
six-hour reduction of daylength, to normal on April 1, 
resulted in periods of cessation followed by resump- 
tion of laying at a slower rate, with birds experimen- 
tally brought into early laying in January and Feb- 
ruary (data to be published elsewhere). 

If these two birds had been hatched in November, 
they would not have come under the influence of the 
34 days of diminishing length. They would probably 
have been well started into laying before becoming 

1 Aided by grants from the National Research Council, 
Committee for Research in Problems of Sex, 1936-7, and 
by cooperation of the State Department of Fish and Game 
for Conneetieut, Arthur L. Clark, superintendent. 


?'T. H. Bissonnette and A. G. Csech, Am. Nat., 71 (5): 
525-8, 1937, 


*L. B. Clark, 8. L. Leonard and G. Bump, Screncz, 85: 
2205, 339-340, 1937. 
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It becomes evident 


affected by the decreasing light. 
that artificial lighting is not necessary to induce pheas- 
ants hatched at the right time of year to lay within 
seven months of that time. 
THomMAs HuME BISSONNETTE 
TRINITY COLLEGE, CONN. 
ALBERT G. CSECH 
SHADE SWAMP SANCTUARY, 
FARMINGTON, CONN. 


A NEW COLOR REACTION OF VITAMIN B. 
. (THIAMIN) 

THE reported identifying reactions of Vitamin B, 
(thiamin) are few, consisting of several modifications 
of diazo reactions,’ the reaction with p-dimethyl-amino- 
benzaldehyde,? the reaction with potassium bismuth 
iodide® and the thiochrome reaction.* 

It has now been found that Vitamin B, (crystalline 
synthetic Merck) reacts with 2-6 dibromoquinone— 
chloro-imide (other chloro-imides should react also) to 
give orange solutions, color extractable by immiscible 
solvents (chloroform, e. g.). 

About one mg of thiamin is dissolved in a few ce 
of borax of pH approx. 9.6° (saturated borax solu- 
tion will do for demonstration) and to it is added a 
drop of alcoholic 2-6 dibromo-quinone-chloro-imide 
(Eastman). The color develops at once, gradually 
increasing in intensity. 

From tests on technical 2-methyl-4-amino-5-ethoxy- 
methyl pyrimidine and 4-methyl-5 (6 hydroxy) ethy! 
thiazole (kindly furnished by Dr. R. T. Major, director 
of research of Merck and Co.) it appears that only 
the thiazole portion gives a color (yellow) with the 
reagent. 

Many amines, phenols and derivatives interfere, 
which will be reported elsewhere in a study of the 
color reactions of 2—6 dibromo-quinone-chloro-imide. 

Harry W. Raysin 

BUREAU OF FooD AND DRUGS, 

HEALTH DEPARTMENT, NEW YorK CITY 


A NEW DIETARY WATER SOLUBLE FACTOR 
REQUIRED BY CHICKS 


It has been found that a diet containing 59.5 per 
cent. polished rice, 24 per cent. water washed fish meal, 
5 per cent. rice bran filtrate, 5 per cent. whey ad- 
sorbate, 200 micrograms thiamin per 100 grams of diet, 
3 per cent. salt mixture, 3 per cent. soybean oil and 
0.5 per cent. high potency sardine oil did not support 


1H. W. Kennersley and R. A. Peters, Bio. Journ., 28: 
667-70, 1934; H. J. Prebluda and E. V. MacCollum, Sct- 
ENCE, 84: 488, 1936; H. A. Willstaedt, Naturwissen- 
chaften, 25: 682, 1937. 

2H. Tauber, ScrENcE, 86: 594, 1937. 

3B. Naiman, ScreNcE, 85: 290, 1937. 

4‘*Ergebnisse der Vitamin und Hormanforschung,’’ 
Ruzicka, Leipzig, 1938. 

5 ‘*Standard Methods of Water and Sewage Analysis,’’ 
Am. Pub. Health Asn., 1936. 

1 Supplied by Vitab Products Inc., Emeryville, Calif. 
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growth. The rice bran filtrate furnished adequate 
amounts of filtrate faetor and the whey adsorbate 
adequate amounts of riboflavin as determined by 
Separate assays. The soybean oil furnished ample 
vitamin K and the sardine oil adequate amounts of 
vitamins A and D. Growth was restored when dried 
brewers’ yeast or extracts made from it were added. 
Representative weights, at 6 weeks, of chicks not re- 
ceiving the yeast supplement were 156 grams and of 
those receiving it 451 grams. 

This growth factor has been found in dried brewers’ 
yeast, yeast grown in a whey medium, wheat bran, 
middlings and alfalfa meal. The factor is insoluble in 
ether, acetone, isopropanol, and slightly soluble in 


methanol. It can readily be extracted by 50 per cent, 
methanol. The factor can be adsorbed on fuller’s 
earth and on activated charcoal. A 1:1:4 solution 
of pyridine, methanol and water will elute the factor 
trom fuller’s earth. Refluxing for thirty minutes at 
pH 11.0 and at pH 1.7 did not destroy the factor 
present in a yeast extract. Autoclaving for five hours 
at 120° C. destroyed the factor present in alfalfa meal 
but not in dried yeast. 
E. L. R. Svoxsrap 
P. D. V. Mannine 
RESEARCH LABORATORY, 
WESTERN CONDENSING Co., 
PETALUMA, CALIF. 


REPORTS 


NATIONAL RESEARCH FELLOWSHIPS IN 
THE NATURAL SCIENCES OF THE 
NATIONAL RESEARCH COUNCIL 


THE National Research Fellowships Board in the 
Natural Sciences, of the National Research Council, 
has made the following fellowship appointments for 
the academic year, 1938-1939: 


REAPPOINTMENTS FOR A SECOND YEAR 


James Forbes Bell (Ph.D. in geology, University of 
Munich, 1935). To work at Massachusetts Institute 
of Technology. Subject: The plastic deformation of 
crystals with especial attention to twin-gliding. 

Ralph Philip Boas, Jr. (Ph.D. in mathematics, Harvard 
University, 1937). To work at Princeton University. 
Subject: Trigonometric integrals; moment problems; 
Laplace transforms. 

Bryee Low Crawford, Jr. (Ph.D. in chemistry, Stanford 
University, 1937). To work at Harvard University. 
Subject: The spectroscopic determination of molecular 
structure and energetics of organic compounds. 

Ralph Emerson (Ph.D. in biology, Harvard University, 
1937). To work at the University of Cambridge, 
England. Subject: An experimental investigation of 
Allomyces and related forms, bearing on general bio- 
logical problems of sexuality, alternation of genera- 
tions, and cytoplasmic heredity. 

Jesse Leonard Greenstein (Ph.D. in astronomy, Harvard 
University, 1937). To work at Yerkes and McDonald 
Observatories of the University of Chicago. Subject: 
The interstellar medium and problenis of interstellar 
absorption. 

William Conyers Herring (Ph.D. in mathematical physics, 
Princeton University, 1937). To work at Massachu- 
setts Institute of Technology. Subject: The quan- 
tum mechanics of crystals. 

Paul Henry Settlage (Ph.D. in psychology, University of 
Wisconsin, 1937). To work at the Sprague Institute, 
University of Chicago. Subject: Corticalization of 
function in man: the parieto-occipital area. 

Fred Beals Stitt (Ph.D. in physical chemistry, California 
Institute of Technology, 1936)... To work at Harvard 


University. Subject: Internal rotation in ethane and 
diborane. 
NEw APPOINTMENTS 


Arthur B. Burch (Ph.D. in zoology, University of Cali- 
fornia, 1938). To work at the Zoologisches Institut, 
Freiburg, Germany. Subject: The early embryology 
of the pituitary body; investigation of the develop- 
mental relationships of the pars buccalis and the pars 
neuralis. 

Ray Fields Dawson (Ph.D. in botany, Yale University, 
1938). To work at Columbia University. Subject: 
The physiology of nicotine in tobacco. 

Philip Drucker (Ph.D. in anthropology, University of 
California, 1936). To work at Columbia University. 
Subject: Archeological survey of the Northwest Coast. 

Robert Eli Duncan (Ph.D. in botany, University of Wis. 
consin, 1938). To work at Victoria University of 
Manchester, England. Subject: Experimental induc- 
tion of apogamy and study of allied phenomena in 
ferns. 

Eugene Henderson Eyster (Ph.D. in physical chemistry, 
California Institute of Technology, 1938). To work 
at the University of Michigan. Subject: The appli- 
cation of infrared spectroscopy to problems of molecu- 
lar structure. 

William D. Gray (Ph.D. in phytopathology, University of 
Pennsylvania, 1938). To work at the University of 
Wisconsin. Subject: Physiological studies on myxo- 
mycetes; their laboratory cultivation and factors in- 
fluencing rhythmical frviting. 

George Kenneth Green (Ph.D. in physics, University of 
Illinois, 1937). To work at the University of Cali- 
fornia. Subject: The scattering of charged particles 
at high energies. 

Arthur Feodor Hagner (Ph.D. in geology, Columbia Uni- 
versity, 1938). To work at Columbia University. 
Subject: Fundamental studies of the montmorillonite 
group of clay minerals. 

Dick Wick Hall (Ph.D. in mathematics, University of 
Virginia, 1938). To work at the University of Peut- 
sylvania. Subject: The structure of true eyelic cle 
ments and the properties of sets under pointwise 


















JuLy 8, 1938 





periodie and pointwise almost periodic transforma- 
tions. 

Lloyd Girton Humphreys (Ph.D. in psychology, Stanford 
University, 1938). To work at Yale University. 
Subject: The relationship of simple reinforcement 
and success as factors in the acquisition and extinction 
of conditioned responses. 

Willis Eugene Lamb, Jr. (Ph.D. in physics, University of 
California, 1938). To work at the University of Wis- 
consin. Subject: Problems in nuclear physics. 

Raymond Braislin Montgomery (D.Sc. in meteorology, 
Massachusetts Institute of Technology, 1938). To 
work at the Institut fiir Meereskunde, Berlin, Ger- 
many. Subject: Isentropic analysis of the major cir- 
culation phenomena of the upper layers of the southern 
North Atlantic Ocean. 

Keith Roberts Porter (Ph.D. in biology, Harvard Univer- 
sity, 1938). To work at Princeton University. Sub- 
ject: The development of androgenetic frog embryos. 

Van Rensselaer Potter (Ph.D. in agricultural chemistry, 
University of Wisconsin, 1938). To work at the Bio- 
kemiska Institutet, Stockholm, Sweden. Subject: A 
study of the physiological action of the antipellagra 
vitamin (nicotinic acid). 

Hermann Rahn (Ph.D. in embryology genetics, University 
of Rochester, 1938). To work at Harvard Univer- 
sity. Subject: Cytology and physiology of the bird 
pituitary. 

Birdsey Renshaw (Ph.D. in zoology, Harvard University, 
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1938). 
ical Research. Subject: The activity of the nervous 
system investigated with microelectrodes. 

Lewis Joseph Sargent (Ph.D. in organic chemistry, Uni- 
versity of Edinburgh, 1938). To work at the Uni- 
versity of Virginia. Subject: To attempt the syn- 
thesis of oestrogenic substances. 

Hurst Hugh Shoemaker (Ph.D. in zoology, University of 
Chicago, 1938). To work at Stanford University. 
Subject: A study of hormonal influences on position 
in the social hierarchy among canaries. 

Lyman Spitzer, Jr. (Ph.D. in physics, Princeton Univer- 
sity, 1938). To work at Harvard College Observatory. 
Subject: The structure of stellar atmospheres. 

David P. Stevenson (Ph.D. in chemistry, Princeton Uni- 
versity, 1938). To work at California Institute of 
Technology. Subject: The electric diffraction investi- 
gation of the structure of oximes and related molecules. 

Gustav McKee Watkins (Ph.D. in plant cytology, Colum- 
bia University, 1935). To work at the Bureau of 
Plant Industry, Washington, D. C. Subject: A study 
of host-parasite relations in the Phymatotrichum root 
rot disease. 

Frederick Taylor Wolf (Ph.D. in botany, University of 
Wisconsin, 1938). To work at Harvard University. 
Subject: The biology and cytology of the aquatic 
Phycomycetes. 

Ross G. Harrison, 
Chairman, National Research Council 


SPECIAL ARTICLES 


THE CHEMISTRY OF VITAMIN E. I. THE 
STRUCTURE AND SYNTHESIS OF 
a-TOCOPHEROL 
In a recent publication Karrer’ has reported the 
synthesis of a-tocopherol from trimethylhydroquinone, 
phytylbromide and zine chloride. On the basis of a 
supposed analogy in this reaction between phytylbro- 
mide and allylbromide, Karrer has assigned to the 


vitamin the structure I (R=perhydrofarnesyl), with - 


a 5-membered hetero ring. It is true that the reac- 
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tion between trimethylhydroquinone and allylbromide 
leads to IV, mp. 123-123.5 (uncorr.) with a 5-mem- 


‘ Helv. Chim. Acta., 21: 520, 1938. 


bered hetero ring. We prepared IV in this manner, 
and also by reduction of the corresponding coumarone 
which was obtained from trimethylquinone and aceto- 
acetic ester; the two syntheses led to the same sub- 
stance, which is certainly, therefore, a coumarane. 
Bergel, Jacob, Todd and Work? have also synthesized 
IV, mp. 124-125°. Several years ago, Claisen* showed 
that, while phenols and allyl bromide condensed to give 
coumaranes, the use of y,y-disubstituted allyl bromides 
led to chromanes. We have prepared II in three dif- 
ferent ways: (a) from trimethylhydroquinone and 
y,Y-dimethylallylbromide; (b) from trimethylhydro- 
quinone and isoprene, and (ce) from 5,7,8-trimethyl-6- 
hydroxy-3,4-dihydrocoumarin® and methyl magnesium 
iodide. All three syntheses led to the same crystalline 
product, mp., and mixed mp., 94-94.5°. The third 
synthesis could lead only to a chromane; therefore the 
product of all these syntheses is II. If, therefore, the 
analogy is correct and phytyl bromide is regarded as a 
y,Y-disubstituted allylic bromide, it should react with 


2 Smith and MacMullen, Jour. Am. Chem. Soc., 58: 629, 
1936. 

3 Nature, 141: 646, 1938. 

4 Ann., 442: 228, 1925. 

5 Smith and Denyes, Jour. Am. Chem. Soc., 58: 304, 
1936. 
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trimethylhydroquinone to give the chromane III (R is 
perhydrofarnesyl) and not the coumarane I. 

We have synthesized a-tocopherol from trimethyl- 
hydroquinone and phytylbromide without a catalyst, 
and also from the hydroquinone and phytadiene. The 
products were distilled under high vacuum (10-* mm) 
and they are thick, viscous, nearly colorless oils. The 
analyses of the samples of a-tocopherol prepared and 
purified as outlined (the products were not chromato- 
graphed), agree fairly well with the theoretical values. 
The sample of a-tocopherol prepared from phytylbro- 
mide gave an allophanate which melted at 168-170°; 
when mixed with the allophanate (mp. 157-160°) de- 
rived from natural a-tocopherol, shows a melting point 
between the two.® 

Compounds II and IV have been tested biologically 
and found to be completely inactive in doses of 50 mg.” 
Several of our synthetic compounds, both coumaranes 
and chromanes, which have been examined in the lab- 
oratories of Merck and Company, Inc., show absorp- 
tion eurves strikingly similar to that of a-tocopherol. 
Jobn® has also shown that a-tocopherol is either a 
coumarane or a chromane, and he has succeeded in 
opening the hetero ring without the loss of any carbon 
atoms. He states, however, that his work does not 
enable a decision to be made between the 5- and 
6-membered hetero ring, nor as to the exact location 
of the aliphatic side chain attached to the ring. 

Our syntheses of the pentamethyl-6-hydroxy chro- 
mane (II) and the proof of the structure of this 
compound, together with the two analogous syntheses 
of a-tocopherol, indicate to us that the structure pro- 
posed by Fernholz® for a-tocopherol is the correct one; 
that is, the vitamin is a chromane with two substituents 
in the a-position.?° 

Lee Irvin SMITH 
HERBERT E. UNGNADE 
W. W. PRICHARD 
ScHOOL OF CHEMISTRY, 
UNIVERSITY OF MiNNESOTA 


THE CHEMISTRY OF VITAMIN E, II. BIO- 
LOGICAL ASSAYS OF VARIOUS 
SYNTHETIC COMPOUNDS! 


THE fact that more than a single chemical substance 
can function as Vitamin E was demonstrated with the 


6 We are greatly indebted to Dr. O. H. Emerson and to 
the Research Laboratory of Merck and Company, Inc., for 
the preparation and comparison of these allophanates. 

7 This work as well as the bioassay of our synthetic 
tocopherol has been done by Dr. H. M. Evans, of the Uni- 
versity of California. See Dr. Evans’ paper in this issue 
of SCIENCE. 

8 Zeits. fiir Physiol. Chem., 252: 222, 1938. 

9 Jour. Am. Chem. Soc., 60: 700, 1938. 

10 Note added to proof: Since this paper was written, 
Dr. John has very kindly sent us a reprint of his note in 
Naturwiss. 26: 266, 1938, to which we had not previously 
had access. Based upon his very elegant degradative 
work on q-tocopherol, John has reached the same conclu- 
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isolation of alpha, beta and gamma tocopherol. This 
need not occasion surprise, since it is already well 
established that several chemical entities function as 
Vitamins A and D, respectively, and the same phenom- 
ena have been discovered as regards the hormones—the 
so-called endocrine principles, for example, estrogenic 
activity. 

Since the detection by Fernholz? of durohydro- 
quinone amongst the products of the pyrolysis of 
alpha tocopherol, biological study of this substance 
and its related compounds for the detection of Vita- 
min E activity was urgently indicated. 


PARENT SUBSTANCES 


Hydroquinone itself was fed at the 100 mg level and 
though sufficiently toxic to be lethal at this level for 
three of the animals, did not confer fertility upon four 
animals in which the phenomena of insemination, im- 
plantation and resorption were all typically estab- 
lished. As regards durohydroquinone, one is at some 
disadvantage because of the difficulty of its solution. 
After various preliminary expedients, we at last hit 
on the plan of giving 4 ee of water by stomach tube, 
followed by a solution of durohydroquinone in 95 per 
cent. ethyl aleohol. Durohydroquinone was thus fed 
at 50, 100 and 500 mg levels. While no litters were 
secured at the 50 mg level, a single excellent litter 
resulted at the 100 mg level, though there were four 
clear resorptions at the same level. Both the animals 
to whom we succeeded in feeding a total of 0.5 g of 
durohydroquinone as ten 50 mg doses cast litters. 


ETHERS OF DUROHYDROQUINONE® 


The following ethers of durohydroquinone were fed: 
mono-cetyl, mono-octadecyl, mono-do-decy! and mono- 
(n-nonadecyl). At the lowest level fed (50 mg) two 
of four of the animals fed the mono-cetyl ether of 
durohydroquinone cast small, somewhat undersized, 
but living, litters. Our experience with the same sub- 
stance at the 100 mg level demonstrated that this par- 
tial result at 50 mg was exceptional, since only two 
of eight littered at 100 mg. Two other ethers, namely, 
the mono-do-decyl ether and the mono-nona-decyl 
ether, showed some potency at the 100 mg level. Four 





sion with regard to the structure of the vitamin as we 
have, namely, the substance is a chromane with two sub- 
stituents in the q-position (III). 

1 Aided by grants from the Board of Research and from 
the Department of Agriculture of the University of Cali- 
fornia, from Merck and Company, Inc., Rahway, N. J., 
and the Rockefeller Foundation, New York. Assistance 
was rendered by the Works Progress Administration, 
Project No. 8823 A-5. The {0\!swing materials were gen- 
erously contributed: cod tiver oil by E. R. Squibb and 
Sons, and brewers’ yeast by The Vitamin Food Company 
of New York. 

2 E. Fernholz, Jour. Am. Chem. Soc., 59: 1154, 1937. 

3 We wish to thank Dr. E. Fernholz and Mr. J. FPinkel- 
stein for these preparations. 
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TABLE 1 






VITAMIN E ACTIVITY OF SYNTHETIC CoMPoUNDS oF KNOWN CHEMICAL STRUCTURE 














———S— 
Average 
Level Number Number y Per number 4 verage 
umber cent. living Dead 
Preparation oa rey Hons litters litter- young _— young Remarks 
ing Fa 
litter 
Hydroquimone ...+.++--e0e- - 100 7 4 0 0 ae o% os 3 = toxicity of com- 
hydroquinone .......... 50 4 + 0 0 we a 
fo pesos fe ianesons 100 5 4 1 20 10 5.9 
Same (10 feedings of 50 mg.). 500 2 0 2 100 7 5.4 6 1 good, 1 very poor litter 
Mono-cetyl ether of durohydro- 
quinone eoeereeereeeeeeeeaeene 50 4 2 2 50 3 4.8 1 
Same oeeeeee eee e eer eeeeees 100 8 6 y 25 4 4.8 ee 
Mono-octadecyl ether of duro- 
hydroquinone in eee -. ae 4 4 0 0 au fs me ; 
Game .cccececvcs Ce ae 250 2 1 1 50 2 5.0 aa litter on autopsy 
Mono-do-decyl ether of duro- 
hydroquinone .......++.+.. po : : : — = + 4 1 late resorption 
ame oeevevenee eee eee eeee eer . 
came (np nomainest) ether of ; ose 
durohydroquinone ........ 100 4 2 2 50 2 1 litter consisted of 2 living 
young recovered on au- 
topsy , on 23rd day of 
gestation 
Same ot pekh sada sats sss 250 2 1 1 50 + 6.0 2 of young found at autopsy 
Mono-2-me -octadecyl ether 
of durohydroquinons jsacne: 200 2 2 0 0 
, 2, 5, 7, 8 pentamethyl 6- 
hydroxy chromane ...... a 2 2 0 0 
2, 4, 6, 7 tetramethyl 5-hydrox 
COUMAIAMG: ccbcctesetocsce 50 4 + 0 0 
2, 2, 3 trimethyl 6-methoxy- 
chromane ........ A A 100 + + 0 0 
5, 7, 8 trimethyl 6-hydroxy 
, a ae es Oe a isi 50 + 4 0 0 1 late resorption 
-hydrox , a etra- 
— oe EERE. * 5 A : : ont ‘ie - 
Synthetic alpha tocopherol ... ; 7 5.5 “Ie 
Same .svtes . es eens é ot ER 3 4+ 0 + 100 9 5.1 4 





* In another case a precipitous drop in the mother’s weight indicated a litter was cast and eaten. 


cental sites. 


7 In another case a precipitous drop in the mother’s weight indicated a litter was cast and eaten. 


placental sites. 


ethers were tested with two animals each at the high 
level of 250 mg (divided dosage). In the case of one 
of these ethers (mono-2-methyl-n-octadecyl ether of 
durohydroquinone) neither of the two pregnancies 
resulted in living young. In the case of the other 
three ethers at the 250 mg level, in each instance one 
animal resorbed and one gave birth to living young. 


CHROMANES, COUMARANES, COUMARINES AND 
CoUMARONES 


Fernholz’* degradation studies showed that alpha 
tocopherol was not a simple mono-ethyl ether of duro- 
hydroquinone, but a cyclic ether, probably a chromane. 

Of the five simple cyclic substances shown in Table 
1 all gave negative results. 


Syntuetic ALPHA TOCOPHEROL 


Karrer and co-workers® have now accomplished the 
synthesis of alpha tocopherol, but no bioassays were 
reported. Two similar syntheses here separately pub- 
lished have just been accomplished by L. I. Smith 
et al. One of these, that accomplished by the em- 

4. Fernholz, Jour. Am. Chem. Soc., 60: 700, 1938. 


° These substances were prepared by L. I. Smith, H. E. 
Ungnade and W. W. Prichard, of the University of Min- 

esota, 

°P. Karrer, H. Fritzsche, B. H. Ringier and H. Salo- 
mon, Helv. Chim. Acta., 21: 520, 1938. 





Autopsy revealed 4 pla- 


Autopsy revealed 10 


ployment of trimethyl] hydroquinone and phytyl bro- 
mide, was fed to 5 animals each at the 3 and 7.5 mg 
levels, practically all animals littering with satisfactory 
healthy young. This represents, therefore, the only 
biological test of the efficacy of a synthetic tocopherol 
at a level comparable with that exhibited by alpha 
tocopherol from natural sources. 


SUMMARY 


(1) The results of the feeding of durohydroquinone 
and of various of its ethers and of certain cyclic ethers 
indicate that Vitamin E activity is displayed by some 
of these substances when fed at high levels; more 
critical levels are now being fed. 

(2) Synthetic alpha tocopherol was demonstrably 
active at the same level (a single dose of three milli- 
grams) as that characterizing the same substance when 
secured from natural sources. 

HeErRBert M. Evans 
Guapys A. EMERSON 


OuiveR H. EMERSON 
INSTITUTE OF EXPERIMENTAL BIOLOGY, 
UNIVERSITY OF CALIFORNIA, BERKELEY 





7L. I. Smith, H. E. Ungnade and W. W. Prichard, this 
Journal, this issue. 

8 We wish to thank Dr. L. I. Smith and his collabora- 
tors, Messrs. H. E. Ungnade and W. W. Prichard, for the 
synthetie alpha tocopherol. 
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THE CHEMISTRY OF VITAMIN E. IIL 
PERMANGANATE OXIDATION OF 
ALPHA TOCOPHEROL 


FERNHOLZ,' on the basis of his degradation studies, 


proposed for the structure of alpha tocopherol - 


formula I: 


CH, CH, CH, CH, 
CH, O | | | 
cH, / C——(CH,), CH (CH,); CH (CH,)s CH CH, 
HO! | CH, 
\ 2 
CH, CH, 
Formula I 


By oxidizing alpha tocopherol with chromic anhydride 
in acetic acid solution, a lactone Cy;H4 902 was ob- 
tained. The origin of such a lactone is easily ex- 
plicable on the theory that alpha tocopherol contains 
a chromane ring; if alpha tocopherol contained a 
coumarane ring, a beta hydroxy acid would be ex- 
pected. 

Karrer and his co-workers,” by treating pseudo cumo 
hydroquinone with phytyl bromide, obtained a syn- 
thetie product which apparently is a mixture of alpha 
tocopherol and its C-2 epimer. Karrer believed that 
this reaction would yield a coumarane rather than a 
chromane, and he suggested that Fernholz’s gamma 
lactone arose by rearrangement in acid solution. As 
example of this rearrangement he referred to work 
by Pospjechoff,? Raichsteint and Braun,’ where beta 
hydroxy acids on distillation over 20 per cent. H.SO, 
were converted to the gamma lactones. 

As further support for the chromane structure, 
aipha tocopherol was oxidized in acetone solution with 
uentral permanganate. No difficulty was experienced 
in isolating in gocd yield the C.;H4 90. lactone in the 
form of the benzy! thiuronium salt of its hydroxy acid. 
On admixture with the corresponding salt obtained by 
the chromie acid oxidation of alpha tocopherol, there 
was no depression of the melting point. 

Experimental :—1.0 mg of alpha ‘uvcophery] allopha- 
nate was saponified in the usual way. To the free 
tocopherol, in 50 ce of acetone, was added slowly with 
mechenical stirring 1.87 gm (6 moles) of potassium 
permanganate. The first 900 mg were rapidly decolor- 
ized; then it became necessary to warm the solution 
slightly. When all the permanganate had been added, 
the solution was refluxed until the permanganate was 
entireiy reduced. 


1E. Fernholz, Jour. Am. Chem. Soc., 60: 700, 1938. 

2P. Karrer, H. Fritsche, B. H. Ringier and N. H. 
Salomon, Helv. Chim. Acta, 21: 520, 1938. 

3 Pospjechoff, Jour. Russ. Phys. Chem. Soc., 29: 372, 
1897. 

4 Raichstein, Jour. Russ. Phys. Chem. Soc., 39: 587, 
1907. 
5 Braun, Monatshefte f. Chemie, 17: 210, 1896. 
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The solution was cooled, diluted with water, and th. 
manganese dioxide reduced with SO2. A few drops of F% 
HCl were added tc make tiv: solution acid to Congo red, 7 
and the reaction mixture was extracted with ether, 
The ether was washed with water and then dilut § 
NaOH to remove free acids. The total neutral frae. 
tion weighed 428 mg. This was refluxed with 15 « 
of 4 per cent. methyl alcoholic KOH for one hon, § 
then diluted with water and extracted with ether. The 
ether residue amounted to 238 mg, most of which 
could not readily be distilled in a-molecular still. 

The dilute aleoholie KOH solution was acidified, anj 
extracted with ether, giving 155 mg of the lactone 
fraction. This was distilled in a molecular still at 12) 
degrees, yielding 117 mg of purified lactone. This was 
converted to the benzyl thiuronium salt, giving 1) 
mg of the salt melting at 116 to 118 degrees which gave 
no depression on admixture with the corresponding 
salt obtained from the chromic anhydride oxidation o{ 
alpha tocopherol. | 

Analysis: Caleulated for CogHs.N.oSO0,: C 68.45; 
H 10.30; N 5.50. Found: C 68.77, 68.56; H 10.27, 
10.10; N 5.67, 5.61. 

Ouiver H. EMERSON 

RESEARCH LABORATORIES, MERCK 

AND CoMPANY, INc., Ranway, N. J., 
AND 
INSTITUTE OF EXPERIMENTAL BIOLOGY, 
UNIVERSITY OF CALIFORNIA, BERKELEY 
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